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NOTE 

The principal object now in view is to give a brief 
description of the combustion of heavy residues or fuel 
oil in a cooking range for culinary purposes. 

Some general remarks on the production of crude 
petroleum and fuel oil, together with other information 
relating thereto, is included, as, comparatively speaking, 
the average householder or hotel proprietor knows little 
®r nothing of oil for firing purposes. 

Previous to the war, fuel oil had not been used in the 
kitchen as far as the author is aware, and it was entirely 
due to the great scarcity and high cost of coal, brought 
about by war conditions, that means were devised for 
firing kitchen ranges with similar residues to those that 
are used for firing purposes in the furnaces of steam 
generators. 

There are many excellent liquid-fuel burners on the 
market for steam-raising and other purposes, but neither 
in design nor method of application do they conform with 
the exacting requirements of the domestic kitchen, in 
simplicity, reliability, cleanliness, and range of power. 

For the kitchen range, a burner that will give a con- 
tinuous flame of small dimensions is a necessity. For 
successful firing with residues of the highest viscosity, 
such as are used in oil-producing countries, the arrange- 
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ments for feeding the burner with a constant flow of oil 

are of nearly as much; importance as the burner itself, 

and it must be borne in mind that when the apparatus 

illustrated was devised, European resources were not 

available owing to war conditions. The success attained 

with the type of burner described for the kitchen range 

naturally led to the development of a large size for boiler 

furnaces, and examples of their application are also 

included. 

E. C. B.-S. 
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OIL FIRING FOR KITCHEN 
RANGES AND STEAM BOILERS 



DOMESTIC FIRING AND THE COMBUSTION OF 
FUEL OIL, ETC. 

Scarcity of Fuel. 

The Great War has been responsible for many new pro- 
blems, not the least of which has been the supply of fuel 
for domestic and industrial purposes, especially in those 
countries which have been accustomed to import coal 
from overseas. Even in countries possessing ample coal 
suppUes the shortage of labour and transport has inflated 
prices to such an extent that liquid fuel has been seriously 
considered as an alternative for purposes for which coal 
has previously been used without question. 

The advantage of applying liquid fuel to steamships, 
locomotives , and power plants , etc . , has been well known for 
years . It is purely a matter of supply and price compared 
to coal ; but for culinary purposes, in ordinary kitchen 
ranges, even in oil-producing countries, the absence of 
the means of combustion has prevented its adoption. 

Cheap firing is a necessity to civilisation, and there seems 
to be no reason why coal should not be supplemented by 
fuel oil to a much larger extent than is at present the case. 

Oil Stoves. 

In countries like Egypt, when the importation of coal 
for the civilian population ceased during the war, parafSn 
stoves, either of the wick or vaporiser type, superseded 
the kitchen range ; but they are open to many objections. 

A 
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Besides the expense of the parafl&n when consumed 
in large quantities for cooking, the wick type easily smoke, 
combustion is imperfect, they are not cleanly in opera- 
tion, and their capacity for preparing quantities of food 
at the same time is strictly Mmited. The vaporiser 
type, though giving a good combustion, become choked 
by the deposit of carbon in the vaporiser tube, and are 
even more limited in capacity. For these reasons the 
paraffin stoves are quite inadequate for the dernands of 
the large consumers, such as clubs, hotels. 

Gas Firing. 

Gas firing is without doubt the most economical, but 
cannot be used in the ordinary range, and special gas 
cookers must be provided, together with larger mains, 
but these pipes are also subject to internal deposit, and 
the leakage of gas from the street mains in some cities 
often amounts to a considerable figure. Again, many 
proprietors do not relish the idea of scrapping their 
kitchen ranges and hot-water installations. 

The advantage of the kitchen range is that a fierce 
local heat can be produced, and large vessels of water can 
be brought to boil in a minimum of time. Again, in the 
culinary arts, the chef likes to have at his disposal a 
fierce fire for certain operations, though perhaps for a 
few minutes only. 

Gas wiU give a temperature of about 850 deg. 
Fahr. ; whereas hquid fuel wiU give between 2000 deg. 
Fahr. and 3000 deg. Fahr. After all, it must be remem- 
bered, the cooking is done over the fire, and not in the 
fire, and the greater the heat by conduction and radia- 
tion, the greater the heat available for cooking. The 
familiar kitchen range is the product of precedent and 
convenience for the work it has to do, and it is not only 
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the scientific point of view, in applying new methods of 
heating to perform necessary daily tasks, that must be 
considered ; but making such methods acceptable to 
tradition, and to the ingrained habits of generations. For 
instance, the essentials in the operation of cooking are : 
the method of firing ; the apparatus used, and the staff 
who carry out the work ; and the first demand is that in 
a given time it is possible to carry out a given amount of 
work to the satisfaction of those concerned. 

Gas firing is, no doubt, scientifically and economically, 
the best, and should be installed in new estabhshments 
provided the conditions and price are satisfactory ; but 
the era of the kitchen range is by no means over. 

Oil Fieing. 

For industrial purposes two tons of fuel oil is usually 
considered to equal three tons of coal, and the expense 
of handling is considerably less. The kitchen range is 
more wasteful in its consumption of coal than a steam 
boiler, and one ton of oil will equal two tons of coal, 
provided the means of combustion is efficient. That is to 
say, fuel oil at £4 per ton will equal coal at £2 per ton, and 
still leave a margin of economy in transport and handling 
expenses. From this it is clear, whatever the advantages 
of using liquid fuel may be for industrial purposes, they 
are greater still for domestic use on the score of expense. 

However, liquid fuel requires mechanical means to 
■ ' put it on the fire ' — ^it cannot be thrown on the fire like 
coal. 

There is something so simple in putting a shovelful 
of coal on the fire that it is not to be supposed popular 
prejudice will permit the majority of householders to 
suddenly adopt a new method of firing, even in countries 
where the economic advantage already exists. But when 
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it comes to clubs, hotels, hospitals, and other large con- 
sumers, who either have to make dividends or account 
for their expenses, business will, no doubt, oust prejudice, 
when it is clear a great economy can be effected with less 
manual labour, but a little more care. Domestic duties 
carried out for generations cannot be easily eradicated, 
and it is only natural that proprietors and chefs should 
first oppose any radical alteration in such a vital section 
of their business as firing the kitchen range. 

However, after a few weeks' operation there is no 
desire to return to coal dust, constant replenishing of 
the fire, indifferently heated ovens, or the complaints of 
visitors of tepid baths. 

In aU large estabhshments, where heavy cooking is 
constantly in progress, the range is invariably fired at its 
maximum capacity. That is to say, the maximum 
temperature that can be obtained is required, or the daily 
cooking would never be accomplished. 

Herein lies the great value of substituting liquid fuel 
for coal in existing kitchen ranges. A greater number of 
vessels can be heated on the range at the same time, 
ovens maintained at the desired temperature without 
difficulty, and the fire controlled with a touch of the 
finger on the oil regulator. 

This question of sufficient heat weighs more with 
proprietors than anything else. Though engineers may 
smile at such doubts, the proprietor views the matter 
from the heating powers of his gas fires and oil stoves, and 
is seldom convinced tiU he sees, by actual demonstration, 
the top of his range become cherry red in twenty minutes 
from lighting up. However, the cook soon discovers that 
he can regulate his fire to a nicety, and appreciates the 
boon of having ample reserve heat, in place of the con- 
stant efforts to keep up the temperature with coal firing. 
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Fuel Oil. 

Everyone is familiar with ' petroleum ' in the form of 
paraflSn for illuminating purposes ; but to the ordinary- 
householder and hotel proprietor fuel oil is an unknown 
product, though it has been used for industrial and marine 
purposes for many years. Therefore it is as well to set 
down a few remarks on the nature of this product and its 
supply, before describing this system of burning fuel oil 
for domestic and industrial purposes . The consumer must, 
not unnaturally, assure himself of being able to obtain a 
constant supply before adopting it as a substitute for coal. 

In England, liquid fuel can hardly compete with coal, 
but overseas, in oil-producing countries, and the Far 
East, there is a wide field for its extended use. 

Like coal, petroleum is composed of carbon and hydro- 
gen. Concerning its origin and formation Mttle is known ; 
but liquid hydro-carbons of almost identical composition 
can be distilled from organic matter, peat, lignite, and 
bituminous coal. Petroleum deposits are widely dis- 
tributed over the earth's surface ; but those at present 
worked are for the most part in tropical or semi-tropical 
countries. These deposits are found in porous rock 
formations, termed oil sands, and are located by sinking 
wells, where favourable geological conditions exist, if not 
from actual surface indications . However, the exploitation 
of an oil-field is the most uncertain of all undertakings, and 
until extensive driUing has taken place, which has proved 
the existence of the mineral in large quantities, it is never 
safe to assume that payable deposits have been located. 

BoEnfTG FOR Oil. 

Originally oil-wells were sunk by hand, but at the 
present day some form of percussion or rotary drill is 
invariably made use of. 
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Boring for oil is carried out in a very similar manner 
to sinking an artesian or tube well for water. If the 
strata through which it is desired to sink consists of 
hard deposits, the rotary driU is employed. This 
apparatus is provided with a hollow bit, and produces a 
core as the tool grinds its way downward by rotary 
action. By this means holes may be sunk to great depths 
through the hardest mstterials. In many locaUties the 
percussion type is used. Briefly, this consists of a tripod 
or suitable headgear, from which is slung by means of a 
puUey and steel rope a heavy iron bucket provided with 
a cutting edge and flap valve, or independent ' bits ' of 
various design can be attached to suit the nature of the 
soil to be worked. A steel tube is set up vertically^ in 
the ground beneath the suspended tool, which is dropped 
by gravitation, and raised by the interposition of a lever. 
If the boring is to be of some depth, as they usually are 
in drilling for oil, a steam winch is used for raising and 
lowering the gear. As the ' bucket ' or ' hollow bit ' is 
alternately dropped and raised, it gradually works its way 
downward, and the tube or 'well casing ' in which it works 
sinks into the ground. These tubes are made in convenient 
lengths, of about ten feet, and as they are provided with 
threads and sockets, can be screwed into each other as 
the operation of sinking proceeds. To screw on a new 
length, the sinking tool must be completely withdrawn. 

If thesoil is of a stiff, adhesive nature, it isoften necessary 
to grip the head of the tube with wood clamps, on which 
weights are placed, while men with levers rotate the whole 
tube to assist its sinking. Literally speaking, the opera- 
tion is simply punching a hole in the ground, the steel tubes 
preventing the soil closing the hole, and at the same time 
providing a guide for dropping the tool by gravitation. 
With each blow of the sinker, the loosened soil passes 
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through the flap valve, and is brought to the surface 
every ten or fifteen minutes, to be disposed of. If a solid 
' bit ' is used for hard ground, this has to be replaced by 
the hollow sinker or ' bucket ' to remove the broken soil. 
In dry ground water has to be poured down the tube to 
assist the operation. These well casings may be from 
four to eighteen inches in diameter, according to the 
depth it is proposed to sink. Oil may be struck from 
one hundred to three thousand feet below the surface. 
Indications of a strike are often preceded by the discharge 
of gas, when necessary precautions are taken for capping 
the tube to control the oil, which may spout many feet 
into the air. Such wells are known as ' gushers,' but 
sooner or later they cease to discharge, and either new 
wells have to be sunk, or means adopted for pumping 
the oil to the surface. If no oil is struck, or the weU is 
no longer required, the casing is withdrawn by means of 
screw-jacks placed beneath the wood clamps used for 
sinking. It is, however, sometimes possible to withdraw 
the tubes by means of powerful chain blopks. Oil-wells 
are usually sunk over a favourable area on a weU-defined 
system, and a survey of the ground is first made, before 
locating the sites of the proposed borings. As the sink- 
ing proceeds, a careful record is kept of the various strata 
passed through, and the depth at which it is located, as 
it is from such information that the geologist is able to 
make valuable deductions, and predict the depth at which 
oil should be struck, and decide how far the well should 
be carried down. 

If the well is too shallow the main reservoir of sub- 
terranean petroleum may not be tapped, while if the well 
is carried too deep, it may be fiooded with salt water 
or otherwise rendered useless. Again, if wells are sunk 
too close together, they may interfere with each other. 
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and heavy expense incurred with little result. Indis- 
criminate drilling for oil may seriously interfere with 
the productive capacity of a field, which is one reason why 
such work should be undertaken by a company with 
ample funds, and not by a number of individual pro- 
spectors with independent interests. 

The capacity of an oil-field is an unknown quantity. 
Some have already passed their maximum production, 
but there are many others which have scarcely been 
tapped, and still larger areas where geological conditions 
favour the existence of the mineral. As the character- 
istics of an oil-field, both from surface and underground 
indications, become more easily recognised from experi- 
ence, less time and money will be expended in sinking 
wells in imsuitable localities. 

The United States of America have been by far the 
largest producers of petroleum. Russia, Mexico, Rou- 
mania, Austria, and Borneo have aU furnished large 
supphes ; while Persia and Egypt have recently com- 
menced to develop extensive deposits. There are also 
enormous beds of oil shales in Europe and America, and 
large deposits are now being worked in England, but so 
far the cost of extracting the oil has prevented competition 
with the petroleum found in the liquid state, though there 
is no doubt these shale beds are potential reserves of im- 
mense value, and the difiiculties of extraction will no 
doubt be overcome, if it has not been done already. 
Though the extent of the world's supply is purely a matter 
of conjecture, there is no rcEison to anticipate a shortage 
for many years to come, especially in the case of fuel oil. 

Crude Petroleum. 

Crude petroleum — that is, the mineral which gushes 
from the tube well when the oil-bearing stratum has been 
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tapped — can rarely be used for commercial purposes till 
it has been refined. Neither is it advisable, as the 
lighter constituents must first be permitted to evaporate 
aSd are consequently lost, and valuable by-products 
would be consumed instead of being extracted. 

The crude oil often contains water, sand, and various 
chemical impurities which have to be separated from 
one another, and for this purpose it must be refined. 
Oil refineries are often situated on the sea-board, so 
that the products can be easily transported to any part 
of the world. The oil -field may be at a great distance 
from the refinery, in which case the liquid is forced through 
pipes perhaps a hundred miles in length, by powerful 
steam pumps, or shipped in tank steamers if the locality 
of the oil-field and the nearest refinery make this method 
the most economical. 

At first sight these refineries appear to consist of dozens 
of huge circular iron tanks similar to gasometers, but they 
are, however, only used for storing the various grades of 
oil. Closer inspection reveals sheds and buildings con- 
taining countless steam pumps, air-compressors, net- 
works of pipes, besides stores, offices, workshops, and the 
main distilling plant. It is in this distiUing plant that 
most of the process of refining takes place. 

Briefly, the principal features of such a plant may be 
said to consist of a series of huge boilers, eagh one at a 
lower level than its neighbour, and connected together 
by pipes controlled by valves. These boilers are heated, 
and the crude oil is charged into No. 1. When a 
certain predetermined temperature has been reached, the 
Mghtest constituents of the oil are given off, collected, 
and stored while the charge enters boiler No. 2. The 
process is repeated, a second quality of spirit extracted, 
and the charge enters a third boiler. Another grade is 
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distiUed, and so the process proceeds till aU the spirits and 
paraflSn oils have been extracted from the petroleum. 

Now it is the residue from this distilUng process that 
is called fuel oil, the liquid with which we are concerned 
for firing purposes. These residues have a much greater 
heating power than coal : herein Hes their value. But they 
cannot be burnt like coal in a kitchen range, and herein 
Hes the reason of their neglect for domestic use. Fuel oil 
is brown in'colour, of a viscous, clinging nature, and below 
certain temperatures some quahties are difficult to 
handle owing to the refractory nature of the ingredients. 
It is also known under a variety of names, such as ' resi- 
duals,' distillates,' ' astaki,' and ' mazout,' according to 
the country from which it is derived, and it also varies 
in composition-. 

Some oils have what is known as an asphaltum base, 
and others a paraffin base. Residues from asphaltum 
oils have a high density, sohdify easily, and usually con- 
tain a percentage of sulphur. If the sulphur content is 
above a certain figure, it is Uable to damage tubes and 
furnaces when the oil is used for firing purposes. The 
presence of sulphur is easily detected, as the products of 
combustion will deposit a yellowish substance in the 
furnace. 

Oils with a paraffin base are not of such a viscous nature, 
are less affected by exposure to air, and are easier to pump 
through pipes. Not unnaturally, the better residues 
from the fluid point of view are those which are trans- 
ported to Europe, while the heaviest residues, which in 
some cases it would be impossible to pump on board ship 
in cold weather, are used locally. 

It must not be thought, however, that petrol, paraffin, 
and fuel oil are the only products than can be obtained 
from crude petroleum. It is, indeed, one of the most 
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remarkable minerals in existence, from the number of 
constituents and the variety of commercial products of 
which it forms the basis. Paraffin wax, journal oil, 
cylinder oil, candles, vasehne, or petroleum jelly, are all 
products in common use. 

Some oil-fields produce petroleum with a higher per- 
centage of petrol and paraffin than others, but sixty per 
cent, of residues is not uncommon. There are several 
qualities, all of which can be safely used for firing purposes, 
but the product from some fields has to be warmed in 
cold weather before it can be pumped through a pipe, 
owing to its viscous nature. This feature in no way 
detracts from its heating value. 

Combustion of Liquid Fuel. 

Li Great Britain the expense of liquid fuel in all forms, 
compared to coal, has, no doubt, retarded the development 
of the methods of combustion. Overseas, the consumer 
invariably looks to Europe for mechanical apparatus for 
such purposes, and has to accept what is placed upon the 
market. In one respect there is nothing simpler than to 
construct apparatus for the combustion of hquid fuel ; in 
another, there is nothing more difficult than to combine 
reliability with efficiency in the process. 

It is a fuel that is exceedingly easy to use economically 
with care in use ; but, Mke all fluid products of value, can 
be easily wasted. When dealing with small quantities, 
such as used in a kitchen range, five per cent, or ten per 
cent, economy is not of much importance ; but in large 
plants, consuming several tons per day, this amounts to 
a large figure per year. 

It is true for marine purposes a high state of develop- 
ment has been reached, but by means which are quite 
unsuitable for domestic use — ^in fact, out of the question. 
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Though the application of fuel oil to the kitchen range 
does not evolve new discoveries, it entails a novel form 
of apparatus for reasons which will presently be apparent, 
when the existing methods of burning oil are described, 
and their limits explained. 

The kitchen range is built for the combustion of coal, 
and to provide the most effective heating surfaces for 
cooking operations, such as boiUng and baking, etc. To 
apply liquid fuel in place of coal, structural alterations 
in general design are not necessary or worth the extra 
expense. The apparatus should be applicable to the 
ordinary type of closed range. 

The methods of combustion of Hquid and solid fuel are 
radically different. With coal, a surplus of air and inter- 
mittent firing cannot be avoided. With oil, the air can 
be directed to where it is required, and firing is con- 
tinuous and uniform. 

For the work done the consumption of coal is enor- 
mous, even compared to coal used for steam-raising 
purposes, whereas the consumption of liquid fuel in 
proportion is much less, even in the primitive stage 
of development which it has already reached. 

It is not only the efficiency of the fuel that is actually 
consumed, but the percentage that is either purposely or 
unavoidably wasted, that must be considered. Again, 
in drawing comparisons, the expense of transport, labour, 
storage, etc., must not be overlooked. 

like all other work accomplished by heat, which is 
power, the object is to obtain the maximum amount of 
work for the power employed — in other words, to use the 
heat to the best advantage. 

The first essential to obtain this desirable end, is to 
have perfect control of the supply of fuel, and maintain 
an even temperature. Secondly, to accomphsh the work 
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to be done in the shortest time, so that the process of 
combustion need not be continued a moment longer than 
is necessary. 

Now, as liquid fuel is fed into the furnace in a uniform 
stream, it is easy to regulate the supply on which the 
temperature of the furnace depends, and, as the oil has 
a much greater heating value than coal, and can be stopped 
at a moment's notice, a given amount of cooking can be 
accomplished in a shorter time with less waste of fuel. 

Crudely stated, we throw coal on the fire and the atmo- 
sphere does the rest. The combustible properties of the 
fuel are distributed over the fire-bars, and automatically 
mix with the air. By arranging the furnace or fire-grate 
in which the fuel is burnt, so as to obtain a fierce draught, 
we hasten the process , higher temperatures are maintained , 
and more fuel is burnt per square foot of grate area — in 
fact, an increase in the power of the furnace. 

Now, whether coal is burnt in a large kitchen range or 
under a boiler, it will be found that constant efforts are 
being made to obtain the maximum temperature under 
the conditions that exist. Thus we find the chef in the 
hotel keeps the top of his range red-hot, and forced 
draught for marine purposes becomes more and more the 
practice. In the first place, more cooking can be done 
in a given time, and in the second, more steam can be 
obtained from the boiler — that is, there is a higher rate of 
evaporation. As the combustion of oil produces much 
higher temperature, it is clear that both the range and 
the boiler can be of smaller dimensions to perform the 
same work. With few exceptions, it is more economical, 
from the fuel point of view, to carry on fierce combustion 
in one furnace, to produce a certain number of heat units, 
which can be converted into useful work, than it is to 
utUise two or more furnaces to give the same result. To 
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bum liquid fuel economically, a higher temperature is 
required than for coal. 

like all other novel systems of extreme simplicity and 
reliability, the application of fuel oil to the kitchen range 
is looked upon by the consumer as a matter of course 
after a few months daily use, but such developments are 
not evolved without labour and expense and an exhaustive 
study of the subject. It is not so much the chemical 
composition of the fuel that must be analysed to con- 
struct mechanical means for its distribution, but the 
pecuUar nature of the hquid, its creeping propensities and 
searching qualities at various temperatures, which render 
it so refractory in use. 

The efficient combustion of fuel oil is in itself a science, 
and means can only be devised by approaching the matter 
from the right direction and first mastering those essentials 
on which good combustion depends. These essentials are 
distribution of the oil, temperature, and draught. 

By distribution of the oil is meant not only the efficient 
pulverising of the liquid, but supplying the mechanical 
apparatiis or burners with a constant and regular stream. 
As purchased on the market, fuel oil often contains foreign 
matter. It is of a heavy viscous nature, readily chokes 
small orifices, and, when exposed to a fierce heat, car- 
bonises in contact with any substance, if the first stages 
of combustion have not already taken place. But these 
first stages of combustion depend upon maintaining a 
high temperature, and this temperature again depends 
upon the volume and means adopted of admitting air 
to the furnace. 

The smaller the fire it is desired to maintain, the smaller 
the required flame, and the more difficult it is to ensure a 
constant uniform flow. The process of combustion is 
extremely rapid, and with the slightest cessation of the 
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minute stream of oil, the flame is extinguished, the 
temperature falls, and there may be difficulty in rekind- 
ling the flame without applying a torch or lighting some 
inflammable material. Fuel oil is anything but inflam- 
mable ; on the contrary, it is difficult to ignite at all 
when cold, and used to excess will put the flre out. 

Methods of CoMBirsTioiir. 

There are three methods of combustion, which may 
be described as follows : — 

1. Open hearth or atmospheric. 

2. Vaporising the oil. 

3. Atomising the oil. 

The first of these systems consists of a series of shallow 
iron troughs, so disposed that the oil drips from one to 
the other, while being consumed. Under certain con- 
ditions, such as in camps for open-air cooking, it is effec- 
tual, but not efl&cient, and is accompanied by much smoke 
and carbonisation of the oil. For use in a kitchen range 
this system is out of the question. 

2. The system of vaporising the oil is well illustrated 
in the Primus stove, and those especially constructed 
for using fuel oil do not differ in principle. Air pressure 
is maintained on the oil in a suitable vessel, and the 
vaporising tube surrounding the jet is so disposed that 
the flame automatically heats the oil to such a tempera- 
ture that it is converted into gas before it issues from the 
nozzle of the burner. To Hght the burner a small quantity 
of spirit is placed in a metal cup, fixed below the vapor- 
iser. This spirit, when Hghted, will vaporise sufficient 
oil for starting purposes. This system is economical and 
clean, but all such burners are subject to internal deposit, 
and when fuel oils are vaporised the tubes become 
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choked and the burners inoperative. Experiment may 
produce improvements, but it is doubtful if the funda- 
mental defects can be removed which limit the scope of 
its usefulness. 

3. It is generally admitted that to bum fuel oil effi- 
ciently, it must be atomised — that is, pulverised and dis- 
integrated into minute particles. To atomise fuel oil 
some agent or power must be employed. Of these agents 
there are three : — 

(i) By means of pumps, which force the Hquid through 
a small orifice at a high pressure, which causes 
the oil to be distributed in fine spray. 

(ii) By means of a steam jet, acting as the pulverising 
agent. 

(iii) By means of compressed air, acting as the pulver- 
ising agent. 

Clearly neither the first nor second of these methods 
can be utilised with cleanhness or safety in a domestic 
kitchen. The only logical conclusion is to use com- 
pressed air as the atomising agent ; and it has the unique 
advantage, in some cases, of serving a double purpose. 
Compressed air is both cleanly to use and safe to handle, 
and, as the volume required is small and the pressure low, 
there is not much difficulty, at the present day, in pro- 
viding the means of compression. Various methods wiU 
be dealt with later on. 

Eaely Methods of Combustion. 

Before proceeding to the technical description of the 
appHcation of liquid fuel to the kitchen range, it will not 
be out of place to touch on some of the earlier methods 
of combustion. 

Though at the present day there is only one method 
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of burning liquid fuel in general use — ^that is, by atomisa- 
tioh — early inventors spent much time in trying to perfect 
other systems. Precisely why they neglected atomisation 
is not clear, as any crude apparatus will accomplish this, 
and as the first attempts were apparently made on steam 
boilers, the atomising fluid was available. 

It may be that as the oil-fields were far removed from 
the centre of civilisation, men of science and learning did 
not at first turn their attention in this direction, and those 
who experimented failed to grasp the essential conditions 
necessary for good combustion. 

In adopting mechanical means to perform a certain 
task, that task, which in this case is the burning of a 
viscous fluid, must be carefully studied from every point 
of view, and the properties of the substance we wish to 
handle analysed to ascertain its behaviour under vary- 
ing temperatures and conditions . For instance, if original 
steam users had attempted to fire their boilers with a soUd 
block of coal on the fire-bars, great difficulty would have 
been found in raising steam. It is absolutely necessary 
to disintegrate the fuel to admit the air for combustion 
and for the purpose of manipulation. 

In the same way liquid fuel must be disintegrated, 
but even more so if fierce combustion is to be maintained. 
Such being the case, it is not to be wondered at that as 
little success was met with in tr3dng to bum a mass of oil 
as there would be in trying to bum a block of unbroken 
coal. 

The fact of the fuel being a liquid of an absorbent nature 
and capable of being easily vaporised, thus converting 
it into a gas which readily ignited, no doubt led early 
experimenters astray. 

It is true by vaporisation a certain amount of success 
can be obtained, but it is a false clue, and its usefulness 

B 
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strictly limited. The residues of the liquid are inevit- 
ably left behind to accumulate, and the process of ' chok- 
ing ' of either the vaporising apparatus or the furnace 
becomes more and more acute the longer combustion is 
maintained. 

This ' choking ' is a fundamental defect which, so far, 
has not been overcome. 

Everyone knows the result if the fireman neglects to 
remove the clinker from his fire, but it is much more 
difficult to remove the deposits from liquid fuel after 
vaporisation, than clinkers from the coal furnace. 

There is only one satisfactory solution : that is, to bum 
these deposits, not in a mass after they have formed, even 
if that is possible, but before formation has taken place. 
To bum them requires a high temperature, and they must 
be distributed in the furnace with the lighter products 
while fierce combustion is taking place. Hence the 
object of atomisation. 

Even with ' paraffin ' lamp oil, which is one of the 
lighter products of petroleum, the deposit or residue from 
the vaporisation of the oil as the flame bums will be 
found firmly attached to the wick, which makes the 
' trimming ' or cutting off the top of the wick a daily 
necessity if a satisfactory result is desired. 

The combustion of a certain quantity of oil will result 
in a certain percentage of deposit, according to quality, 
and it will be readily understood that if the burning of a 
gallon of refined petroleum per day will leave enough 
deposit to interfere with the efficiency of a lamp, the 
burning of a gallon unrefined petroleum per minute will 
soon choke a boiler furnace, imless a completely different 
system is adopted which entirely eUminates this defect. 

Secondly, the admission and distribution of air was of 
hardly less importance. Though certain well-defined 
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conditions as regards volume of air for a certain quantity 
of oU, and its method of admission, are now recognised 
as essential, early experimenters were entirely in th^ dark, 
and endeavoured to use the existing arrangements for 
coal-firing furnaces. 

It is not clear who first recognised the importance of 
carrying out the first stages of combustion in a fierce 
draught. In all probability it was not observed till the 
steam jet introduced for atomising the oil created the 
draught, and even then it is doubtful if its value was 
fuUy realised, as many of the early burners neglected to 
provide for this advantage in their designs, evidently con- 
sidering it of such Uttle importance that individual users 
could make whatever arrangements they fancied best. 

Even now there is more controversy over this subject 
of how air for combustion should be admitted to the 
furnace, and its method of control, than any other con- 
dition. No doubt it is largely due to the great variation 
in furnace designs, and the application of one or more 
burners. 

Thirdly, there was the question of temperatures. Here 
again, without previous scientific analysis, the experi- 
menter was completely in the dark. 

No doubt he soon found oil would give a higher tempera- 
ture than coal, but how indispensable it was to maintain 
a great heat, and take precautions to prevent its being 
lowered, from the admission of too much air or irregular 
flow of oil to the burner, was hardly considered. 

Till the importance of atomisation, draught, and tem- 
perature was mastered, progress was very slow. From 
the historical point of view, the combustion of fuel oil 
does not appear to be of very ancient origin. Indeed, 
according to Butler, in his treatise on Oil Fuel, the 
earliest experimenter in this direction was a mechanio in 
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Russia, named Werner, who devised apparatus in the 
year 1861 for steam -raising purposes. The system was 
extremely crude, and apparently consisted of a series of 
grates over which the liquid trickled. No doubt it was 
accompanied by much smoke and deposit. Precisely 
how the fire was hghted up is not clear, but probably with 
soHd fuel. 

Shaw andXinton experimented in America on the same 
hnes, but eventually patented a device in which the oil 
was vaporised and introduced into the furnace in the 
form of gas. Though this system was an improvement^ 
its hmitations prevented its general adoption. 

However, in 1863, Brydges Adams introduced a spray- 
ing apparatus for astomising the oil for the purpose of 
applying Uquid fuel to locomotives, and from this device 
modem oil-burning systems seem to have originated. 

Though the advantage of atomising the oil had been 
proved, some experimenters stiU clung to vaporising 
systems, but their fundamental defects could not be 
overcome, and it is not surprising they scarcely emerged 
from the experimental stage. Richardson, in England, 
constructed what was known as an oozing furnace. 
Apparently the bottom of the fire-box was hned with 
slack Hme, in which suitable ducts and spaces were left 
for the oil, which was consumed much after the manner 
of a wick lamp. Though experiments gave encouraging 
results, this method does not appear to have reached the 
commercial stage. 

About 1864 Audouin, in France, brought out a drop 
furnace, in which the oil entered the fire-box at a com- 
paratively high level, but here again the results do not 
appear to have been of such a successful nature as to be 
widely adopted. To the English inventors, Aydon, Wise, 
and Field, and a Russian named Spakovsky, undoubtedly 
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belongs the honour of making one of the biggest steps 
forward in the art of oil burning. 

Aydon employed superheated steam for his atomising 
agent, and the Russian a blast of hot air. 

Selwyn, with Aydon, introduced a burner which was a 
further improvement, and won the approval of the Ad- 
miralty in a series of trials in a marine boiler, but the 
Lenz sprinkler appears to be one of the first, if not the 
first, oU burner to be used continuously on steamers . This 
device was a spray burner introduced in 1870 for the use 
of steamers on the Caspian Sea. Separate chambers were 
provided for the oil and atomising fluid, one above the 
other, and the burner was fixed in the fire-door. Regula- 
tion was carried out by means of semicircular slide valves 
in the burner head, and there is little doubt these were 
the cause of considerable trouble. Though the apparatus 
was extensively used, probably because no better type 
was available, it was not efficient in operation, and the 
compHcated nature of the design made it costly to manu- 
facture. Korting introduced a burner that met with 
some success. It was simple in construction, and neither 
the steam nor the oil orifice were mechanically controlled, 
but no provision was made for admitting air with the jet, 
as in the Aydon and Selwyn burner of an earher period, 
which it otherwise closely resembles. Not unnaturally, 
early investigators devoted much time to hquid-fuel 
burners for locomotives, as in oil-producing countries it 
was obviously absurd to have to import coal for steam- 
raising purposes. 

Professor Urquhart seems to have been one of the first 
to introduce a satisfactory appMance for this purpose. 
His burner closely resembled a steam injector. The 
coned nozzle could be inserted in a sleeve expanded in 
the fire-box plate in the front of the locomotive. As the 
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nozzle was considerably smaller than the internal diameter 
of the sleeve, an air space was provided through which a 
fierce draught was induced by the action of the steam 
jet. This was of great assistance to good combustion. 

From this date, about 1885, many burners of similar 
construction have been placed on the market, but it is 
doubtful if any great improvement in the design has 
taken place. However, burners suitable for culinary 
purposes appear to have been entirely neglected. 

At -the present day there are two distinct systems of 
atomising oil, the pressure jet system and the atomising 
fluid system ; all others, such as the oozing furnaces and 
drop furnaces mentioned above, having been abandoned, 
probably because of the impossibility of obtaining com- 
plete combustion by such means. For efficient oil firing 
it is exceedingly difl&cult to lay down definite instructions. 
It is no doubt true that in many cases the burner itself is 
of secondary importance, while the furnace setting and 
air control merit first attention. 

A satisfactory arrangement in one case may be un- 
satisfactory in another, and often enough the real cause of 
poor combustion is undetected. It is one of those prob- 
lems which can only be solved by careful observation, and 
it is not surprising early investigators often pursued false 
clues which were eventually abandoned. 

Atomising Systems. 

The pressure jet system effects atomisation of the oil 
by forcing it through a small hole which diffuses the oil 
in a spray. The oil must be previously heated, and, 
maintained at a high temperature, passed through fine 
filters ; and forced draught from fans, to assist combustion, 
is also required to obtain the best results. For large 
powers it is efficient, if complicated, and its advantages 
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over coal firing, for marine purposes, are so great that it 
has been widely adopted. 

The atomising fluid system effects atomisation of the 
oil by means of a jet of steam or air injected into the 
furnace, in such a manner as to intermingle with the oil 
and cause diffusion. With suitable arrangements, it 
will induce sufficient draught for combustion. Fine 
filters are not required ; but the best results are obtained 
by preheating the oil. It is exceedingly simple, but in 
large plants the power absorbed by the atomising fluid 
amounts to a considerable figure. 

The atomising fluid system of burning oil may again 
be divided into two classes : those of the injector type, 
which induce the oil to enter the furnace at a high velocity 
with the steam or ?iir, and those of the spray type, in 
which the atomising fluid leaves the orifice before it comes 
in contact with the oil, which it carries into the furnace. 

Now, as a matter of fact, there is nothing simpler than 
to construct a Hquid fuel burner for steam-raising pur- 
poses . Take a short length of wrought-iron pipe, draw out 
the end into a cone. Place a similar coned pipe of smaller 
dimensions inside the larger pipe, so that the orifice con- ' 
sists of a central passage for the steam and a circular 
sht for the oil. If you are mechanic enough to design 
arrangements for the regulation of the oil and steam, you 
have aU the essential features of the fluid atomiser burner. 
It must, however, be properly applied to the furnace to 
give reasonably efficient results. But when it comes to 
applying such a crude apparatus to a kitchen range, it is 
at once apparent that what is good enough for a steam 
boiler or large furnace, is out of the question for cidin- 
ary purposes. There is no necessity to describe at length 
the hmitations of existing burners, or analyse the technical 
reasons why they cannot be applied to the ordinary range ; 



24 OIL FIEING FOR KITCHEN RANGES 

but some of the conditions that should be complied with 
for successful daily working are given below. They are : 
A burner 

1 . That will not choke ; 

2. That wUl produce a flame of a few inches in length 

or a couple of feet ; 

3. That wiU heat up the range from cold in the same 

or less time than when using sohd fuel ; 

4. That is perfectly safe and cleanly to operate ; 

5. That can be cleaned inside without removal or the 

use of spanners and tools ; 

6. That, together with the necessary fittings, does not 

restrict access to the front of the range or inter- 
fere with any cooking operations ; 

7. That is of such simple construction that an iUiterate 

scullery hand can look after it ; 

8. That is absolutely reHable ; 

9. That gives a clear fire and smokeless combustion ; 
10. That can be appMed to the ordinary closed range 

without structural alterations or complicated 
accessories. 

To design a burner on the pressure jet system to com- 
ply with the above conditions, the orifice for the oil would 
be of such minute dimensions that it would be Hable to 
choke, even if it was found practicable to install the 
necessary pumps, filters, and heaters in ai domestic 
kitchen. 

To design a burner on the injector tj^e, the same 
danger of choking exists, even if this fault did not occur 
from constant relighting of the burner. 

There remains the spray type of burner, characterised 
as having 

1 . A full-way orifice for the oil that cannot be obstructed 
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by foreign matter, or subject to carbonisation 
that cannot be easily removed ; 

A gravitation feed, and a nozzle so disposed that the 
oil is not precipitated in drops, but ensures the 
constant uniform flow of the smallest possible 
stream ; 

A minute orifice for the atomising fluid, so disposed 
that it will not choke, but ensures the fluid meets 
the oil with the maximum velocity and pressure ; 

A casing that induces draught at the point of com- 
bustion, thus ensuring the complete mixture of 
the combustible gases ; 

A regulating device for the oil and the atomising 
fluid, which is capable of accurate and indepen- 
dent adjustment. 



II 



APPLICATION OF BURNERS TO KITCHEN RANGES 

The Scarab Bttener. 

Kgs. 1 and 2 illustrate the Scarab burner, which 
complies with the conditions set out in the last chapter, 
and can be applied to the ordinary kitchen range, as 
shown hereafter^ Kg. 1 shows a side elevation, and 
Fig. 2 the end view facing the nozzle. 

During the war, when coal in Egypt was £14 a ton, and 
fuel oil £6, 5s., it was clear that if a fuel-oil burner could 
be applied to the kitchein range, an enormous saving in 
cost of fuel and oversea transport would result. Many 
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engineers devoted much time and money to the problem, 
without success . It was a question of not only the burner, 
but its application to the kitchen range in such a manner 
as to be acceptable to the cooking staff. As is often the 
case, the secret of an invention lies in its application, and 
the successful application of an invention lies in making 
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a minute study of the conditions under which it will 
have-to work, and seizing the essentials. 

The Scarab burner was designed to bum the exception- 
ally heavy residues from the Anglo -Egyptian Red Sea 
Oil-Fields, and, as far as the writer is aware, is the first 
fuel-oil burner which has been in regular daily use month 
after month for cooking purposes in an ordinary kitchen 
range. 

Briefly, the burner consists of a cast-iron plate or frame 
(a) to which is hinged a hollow cylindrical casing (&) pro- 
vided with a flange (c). Through this casing passes the 
oil-pipe {d) and the compressed air-pipe (e), supported 
by the web {/). These pipes terminate in a Up {g), and a 
nozzle (h) at one end of the casing (6), and in a header 
common to both pipes at the other. 

In this header is a regulating valve {k) for the oil, and 
a similar valve (l) for the air. The oil enters the header 
from the upper side at (m), as 
shown, flows down the pipe {d) 
till it creeps from the Hp (g) 
on to the pin (n) in the nozzle 
(h), and chngs to the extreme 
end. The compressed air en- 
ters the bottom of the header 
at (o), as shown, and issues 
from the orifice (p) beneath End View, 

the nozzle, impinging on the ^°' ' 

fiat under-surface {q), which spreads the air jet in a fine 
film, and carries the oil clinging to the extremity of the 
nozzle into the furnace. 

With the ignition of the spray a fierce draught is induced 
through the casing (6), atomisation is complete, and a 
steady luminous fiame of dazzling brilliance is maintained 
as long as the oil and the compressed air continue to flow. 
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It will be observed the oil-pipe has a full way to the Up, 
therefore it cannot choke, and as the valve spindle can be 
withdrawn, a clear view can be obtained throughout its 
length while fixed in place. The air orifice is so situated 
beneath the nozzle that it cannot be choked by the oil, 
and the induced draught through the casing directs the 
air on to the point of fierce combustion where it is most 
required, and becomes heated before distribution in the 
furnace. 

It will be observed this burner is of exceedingly simple 
construction, and though the disposition of the various 
parts which make up the apparatus are not at first appar- 
ent to the eye, a brief experience in daily use will disclose 
the merits of the design. 

As fuel oil contains a greater heating power than coal, 
a larger volume of air is required for combustion, but not 
an excess volume as the furnace is cooled, and for good 
combustion a high temperature must be maintained. 
High temperatures are extremely sensitive and depenjd 
upon a uniform supply of fuel, atomising fluid, and air 
for combustion, but the air for combustion must be 
introduced into the furnace in the form of a fierce 
draught that will immediately intermingle with the 
pulverised fuel before coming in contact with the sides 
of the furnace. 

The dimensions of the flame depend upon the volume 
of the atomising fluid ; but there is a ratio between this 
volume and the fuel which must be maintained for 
combustion purposes. If the supply of fuel is in excess 
of what is required, it will not be sufficiently pulverised. 
If the volume of atomising fluid is too great, the flame 
will be blown out, and the oil deposited on the walls of 
the furnace. 

To maintain a small flame, a small volume of atomising 
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fluid only is required ; but it must have velocity. To 
reduce the volume from a large orifice by a regulating 
valve, reduces the velocity, therefore a small orifice must 
be provided. The greater the pressure and velocity at 
the point of contact between the oil and the atomising 
fluid, the more efficiently is the oil pulverised, and the 
fiercer the induced draught. In other words, if one 
requires a small flame and good combustion, the essentials 
are : — 

1. The free flow of the fuel in the finest possible 

stream. 

2. "Velocity and aorea, without volume, of the atomising 

fluid. 

Now a minute jet of air with a high velocity has no 
magnitude or area, but the fuel is of a chnging, viscous 
nature, and for the air to effectively ' pick up ' the fuel, 
the jet must be ' flattened ' or increased in width before 
it will distribute the oil in the furnace. Hence the dis- 
position of the air orifice so that the jet expands by first 
impinging on the flat under-surface of the nozzle. By 
this means the maximum use is made of a minimum 
volume, and velocity is maintained at low pressure. 

Burner applied to Kitchen Range. 

Fig. 3 shows the appUcation of this burner to a small 
kitchen range in daily use. The burner is shown open 
for inspection. 

The object of the hinge is at once apparent, and the 
flexible metallic pipes for the oil and air connections 
enable the burner to be opened without unscrewing nuts 
or couplings, as it is of great importance in domestic 
use that no oil should drop on the floor, or that spanners 
and tools should be required for inspection or cleaning 
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purposes. The frame of the burner is screwed to the 
front of the range, and a hasp bolted to the range 
presses the flange closely in position when the burner 
is firing. 

In this case the range is of the French pattern, with a 
closed front, and when the ash-pit door, which can be 
seen below the burner, is shut down, the air supply has 
to pass through the burner casing. In such a small 
range as shown in this photograph, no additional air 
supply is required. In ranges that have open front bars, 
the burner is fixed to an iron plate, which forms the front 
of the range. No alteration has been made in the level 
of the fire, so soHd fuel may be burnt with the oil, or as 
an alternative, if required. 

The oil reservoir, which supplies the burner with fuel, 
can be seen on a stand, under which a lamp or Primus 
stove may be set for initial heating purposes ; but when 
the range is hot, the lamp can be dispensed with, as the 
radiation is quite sufficient to heat the fuel oil to the 
desired temperature. 

The air-pipe can be seen fixed between the oven doors, 
and the supply in this case is taken from the street mains, 
at 20 lbs. square inch pressure, which supply the pneu- 
matic ejectors for draining the city of Cairo. The range 
is one of those in use in the Kasr-el-Eini Government 
Hospital, Cairo, but is not used for heavy cooking. 

The quantity of oil such a range will consume depends 
how often it is lighted up, and the work required ; but 
for simply keeping the water at boihng-point, or boiling 
kettles of water, the consumption during the first night 
it was used worked out at less than 2-2 lbs. of fuel oil per 
hour. It is interesting to note that on this first occasion 
the burner was lighted up at 10 p.m., and the responsible 
attendant went to bed as usual. At 6 a.m. the burner 
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was working as he left it, the hospital orderlies having 
made use of the range during the night precisely as if 
solid fuel had been in use, with the difference that no 
stoking or replenishing of the fire was required. 

To start the burner from cold, fuel oil is poured into 
the reservoir. The lamp is lighted, and in five or ten 
minutes the vessel has become hot to the touch. Kind- 
ling material, such as straw and small sticks, are then 
placed in the fire-grate and lighted. The air is turned 
on, then the oil. In a minute or so the pulverised oil 
ignites, a fierce draught is induced through the casing, 
and if full power is employed the top of the range will 
become cherry red in about fifteen minutes, if vessels of 
water are not placed thereon. 

With the exception of cutting a small round hole in 
the front of the range, and placing extra fire-bricks in 
the grate, no alterations to the range were carried out — 
the existing fines, dampers, and chimney remaining pre- 
cisely as they were designed for solid fuel. It must be 
remembered that the average type of kitchen range gives 
an excellent draught, which is of great value in burning 
oil fuel. 

Fmnsra Large DoxiBLE-ETrRNACE Kitchen Raistge. 

Figs. 4-6 show how the Scarab oil-burning system is 
apphed to aJarge kitchen range at the Turf Club, Cairo. 

Kg. 4 is a front elevation. Pig. 5 is an end eleva- 
tion, showing a section through the right-hand fire-grate 
B, in which solid fuel can also be burnt as an alternative. 
JPig. 6 is a plan showing how the range is situated in 
the comer of the kitchen, and the position of the oil 
reservoirs. 

The oil reservoirs c, c^, hold about three gallons each, 
and are arranged at such a height that a Primus stove 
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can be placed beneath them for initial heating purposes, 
and so that the oil wiU flow by gravitation to the burners 
d, d^. Owing to the awkward situation of this range, 
reservoir c has a considerable length of oil-pipe to the 
burner, and on cold mornings it is necessary to warm 
the pipe with the Primus stove before starting, if the 




Front Elevation of Kitchen Range. 
Fia. 4. 



cheapest quality of fuel oil is to be used. On the other 
hand, c^ is placed on a wall bracket and a short oil-pipe 
connection is possible ; but being away from the top of 
the range, the oil is not kept at a high enough temperature 
to get the best efficiency when the lamp is removed. The 
reservoirs, of course, cannot be placed in any situation 
that would interfere with the cooking, but it is desirable 
to place them as close to the burners as possible. 

Though it would appear from the plan ample space 
exists above the range, it must be borne in mind when 
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such a kitchen provides for 230 persons per day, available 
space is completely covered with cooking utensils at busy 
periods of cooking operations. Prom the reservoir c 
the oil-pipe can be traced round the comer of the range, 
passing behind the guard rail tiU it bends down to the 
flexible connection attached to burner d. The air-pipe 
is coupled to the burner by a smaller connection, and 
runs round the comer of the range at floor level, tfll 
it meets a lead service pipe, which draws its supply 
of air from the cast-iron street main, that provides 
compressed air for operating the pneumatic ejectors 
which drain the city. The average pressure is 20 lbs. 
square inch, and the volume required for the burner 
depends on the fierceness of the fire it is desired to 
maintain. 

Consumption and Cost op Ptjel. 

The consumption of oil varies, but taking an ordinary 
day's work a few weeks after the burners had been in- 
stalled, it was found, without any attempt at economy, 
that 48 kilos (105 lbs.) of fuel oil wiU do the work of 107 
kilos (235 lbs.) of coal. 

The following extract from the yearly report of the 
Club is significant : — 

' It is of interest to note that considerable economy 
has been effected on the fuel, by the installation, in July 
last, of Mazout (fuel oil) burners in the kitchen. The 
fuU economy will be realised in the current year, when 
these burners wiU have been working for the whole twelve 
months, 

' Caieo, nth March 1919.' 

On inquiries being made as to the amount saved by 
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the installation of Scarab burners, the Secretary kindly 
suppMed the following figures : — 

Fuel. 

March 22, 1919. 

January to June 1918 . . £E.526.25 (Coal.) 

July to December 1918 . . £E.199.16 (Oil Fuel.) 

' We have not used coal since end of June.' (1918.) 
/ jFrom these figures it is not unreasonable to make the 
following deduction : — 

Result of instaUing Scarab burners at Turf Club, Cairo : 
January to June, 1918 . , £E. 526.25 

Cost per year . . . £E. 1052.50 (Coal.) 

July to December, 1918 . . £E. 199.15 

Cost per year . . £E. 398.32 (Oil Fuel.) 

Coal per year .... £E. 1052.50 
Oil fuel per year . . £398.32 

Saving per year . . . £E. 654.18 

= six hundred and fifty-four pounds and eigh- 
teen piastres. 
The Egyptian pound is worth 6d. more than the English 
pound, but for purposes of comparison the above figures 
maybe taken as they stand. It is true that the prices of 
coal and oil were inflated during the war ; but if the 
Club had purchased coal from July to December 1918, 
they would have had to pay more than in the previous 
six months, and the difference would have been even 
larger than shown. An inquiry made at the Club, dated 
15th August 1918, eUcited the following reply from the 

chief steward : — - 

'Turf Clttb, Cairo. 

' Sir, — ^We are using about 24 tins of oil 

a week, which cost . . . £E. 4.92 

and a little cake, cost . . . 1.00 

' Amount per week is . . . £E. 5.92 
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' The coal we used to bum was about three-quarters of a 
ton per week, which cost . . . £E. 12.75 

Wood about 1.00 

£E. 13.75 



' Yours faithfully, 

' E. G. M. (Steward): 

There has been no instance when these burners have 
ever failed, and the daily meals have been provided with 
regularity. In this case it is all the more remarkable, 
as the burners are operated by an illiterate scullery hand, 
with absolutely no knowledge of the art of oil burning 
whatever. That it is possible to make a reduction in the 
consumption of oil, there is no question ; but in a large 
kitchen, experimenters are not welcomed, and the first 
installation of oil fuel as a substitute for coal in cuUnary 
operations is no doubt due to necessity. 

The reliability of these burners, and the uniform heat 
it is possible to maintain, is remarkable. There is no 
failure of the fire when once started. The cook fills his 
oven, arranges his stew-pans, sets the burners, and Hter- 
aUy ' goes to sleep,' as the writer can testify, on unex- 
pectedly visiting the Turf Club kitchen one afternoon 
about 3.30 p.m. 

Nearly all the cooking is done over the left-hand 
burner d. That is to say, this one burner is responsible 
for cooking for nearly two hundred people a day. There 
is no doubt it is more economical in fuel consumption to 
run one fire-grate at its maximum capacity than to run 
two at half-power. 

There is, however, a limit to the quantity of oil a certain 
sized burner wiU consume, and a Hmit to the combustion 
in a given area. Only a certain quantity of oil can be 
burned in a grate of a certain size. If too much oil is 
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fed into the furnace, smoke will result, carbon will form, 
and, if this is done in the early stages of lighting up, it 
wiU put the fire out. 

As already mentioned, the practice in the kitchen is 
invariably to force the fire, and this can be done with 
oil more economically than coal, as the higher the tempera- 
ture is kept, the more efficiently combustion takes place. 
When once the fire is well under way, there is no reason 
why any smoke should be produced, and a good plan is 
to set up a couple of mirrors, so that the cook can see the 
reflection of the top of his chimney, and be able to force 
his fire to the maximum, but keep within the Umits of 
combustion for which his range is capable. With no 
smoke there is no soot and no deposit, the high tempera- 
ture of the furnace completely consuming the products 
of combustion. 

FiRmG Large Single-Furnace Kitchen Range. 

Figs. 7-9 show a large single fire-grate kitchen range 
at the Kasr-el-Eini Government Hospital, Cairo, to 
which the Scarab oil-firing system has been apphed. 
Fig. 7 shows the front elevation. Fig. 8 the end eleva- 
tion, and Fig. 9 the plan. In each view the necessary 
accessories for burning the oil in place of coal are 
clearly shown. 

The position of this range permitted of a very simple 
and effective arrangement. It will be observed the 
burner a is fixed in the end of the range, and not in front, 
and the oil reservoir h is placed on a bracket, fixed to the 
wall over the back of the range. As far as cooking 
operations are concerned, this leaves the front and top 
of the range perfectly free. Coal and coke may be burnt 
at the same time, or as an alternative, at a moment's 
notice. 
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The bracket on which the reservoir stands allows of 
a Primus stove being placed beneath it for heating the 
oil to Hght up the fire. The oil reservoir holds about 
2| gallons, and in place of an interior wire cage for strain- 
ing the oil, a small strainer box c is provided on the 
outlet pipe. 



fz Valve 
-* ^ Strainer 



Oil Pipe 

^ -a 

^Scarab 
Burner 
Air Pipe 




Elevation. 

Fio. 7. 



The whole arrangement is, without doubt, one of the 
most convenient and efficient. No attachment is made 
to the front of the range, the oil-pipe is short, the fuel is 
kept at a high temperature by the heat from the range, 
and the flame is evenly distributed as it passes over the 
oven flue. 

As far as the writer is aware, this was the first example 
of an ordinary kitchen range in daily use for heavy cook- 
ing being fired with oil fuel and an atomiser burner, and 
there is no question the results surpassed the most san- 
guine expectations. 
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End Elevacion, 
Fia. 8. 




Plan. 

Oil Fir'irig Single Furnace 
Kitchen Range. 

Fio. 9. 
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As no official trial has taken place to ascertain precisely 
the minimum amount of oil that it takes to cook a given 
quantity of food, the best efficiencies are a matter of con- 
jecture, but from May 1918 to April 1919, the official 
figure, supplied by the director of the hospital, was 
1500 kilos (3300 lbs.) of fuel oil, equals 3000 kilos (6600 lbs.) 
of coal, these figures representing the average quantity 
consumed per month. Weight for weight, this is a saving 
of 50 per cent. ; but as the market price of coal was 
£14 per ton, and fuel oil £6, 5s. per ton, it wiU be readily 
understood that the saving in cost of fuel has been enor- 
mous. Some weeks after this installation had been at 
work it was found that by taking the average over 
several days, 38 kilos (83 lbs.) of fuel oil was equal to 
80 kilos (176 lbs.) of coal. The monthly figures given 
above, of course, include all wastage, which, owing to 
the carelessness of native labour, often amounts to a 
considerable figure. For instance, cases have been 
known where a native cook has attempted to start the 
fire with cold oil, with the result that quantities of the 
liquid fall through the grate into the ash-pit pan, which is 
always provided for such contingencies. The air supply 
is taken from the Cairo main drainage system of com- 
pressed air mains. 

As previously remarked, in initiating a new system, or 
applying a new device to an existing apparatus on which 
numbers of people depend each day in the performance 
of their routine work, it is not so much the device itself, 
but making its appHcation acceptable to those who use 
it, that must be considered. 

In the case of a domestic necessity such as the kitchen 
range on which the daily meals are prepared, the slightest 
hitch or interference with custom is resented, and faults 
which have nothing to do with the invention are never- 
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theless at once credited to the new device. Thus, if the 
oil reservoir is allowed to run dry, and the fire goes out, 
the attendant will blame the burner before finding the 
cause. In the same way, if a pipe is injured, and the 
supply of air interfered with, he blames the burner, with- 
out a thought of looking elsewhere. Science does not 
form part of the education of a kitchen staff, and economy 
is a foreign word, which conveys no meaning. Why 
should it ? It is not reasonable to expect such abilities 
in this class of labour. We must accept things as they 
are, and first devise apparatus that can be operated by 
those who will use it, regardless of its scientific and 
technical perfections. The ' technical touch ' is entirely 
absent in the average kitchen. The manipulation of a 
water-tap is usually the beginning and end of the kitchen 
man's knowledge of practical mechanics, and the kitchen 
poker is the only tool he understands how to use with 
effect. 

He does not comprehend what he cannot see. If a 
gas flame or a wick lamp gives insufficient Hght, he may 
turn it up, and the desired result is attained, but if an oil- 
fired furnace is giving insufficient heat, he is unable to 
understand that by restricting the flow of cold air, he 
is often able to increase the heat of his furnace without 
having to increase the flow of the oil. In the same way, 
if smoke is produced, that does not concern him ; it is not 
his trouble — ^he does not pay for the fuel. His coal fire 
used to smoke, so why should not oil ? 

If it was necessary to keep the top of the range cherry 
red to get the day's work done with coal fuel, it will 
certainly be necessary to keep it red-hot with oil fuel. 
Again, he soon finds that it is much easier to make it red- 
hot and keep it red-hot with oil fuel than .with coal, and 
at certain times of the day, instead of having to stoke the 
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fire and shovel on coal, he simply opens the oil regulator 
and takes it easy for an hour. Lectures on care and 
efficiency are mere wasted words on a tired undercook. 
The work for which he is being paid is being done, and he 
feels justified in taking whatever relaxation in his labour 
he can get, regardless of any extra expense to his employers. 
It is, of course, possible to construct the regulator so 
that it will only open to permit of a certain flow of oil, 
but this has not been found satisfactory in practice. If 
this is done, it takes longer to start the fire, as in starting 
up early in the morning from cold, the oil is invariably 
at too low a temperature to run freely, and it must be 
possible to open the regulator to a greater extent than is 
required when the oil has become heated. Again, the 
advantage of being able to completely withdraw the 
regulator spindle for inspection is very great. This 
refers to the use of the cheapest qualities of fuel oil, but 
the cheapest qualities are just those that the proprietor 
wants to bum, as he naturally and rightly fails to see 
why he should go to greater expense to save the scullery 
hand from getting up a little sooner in the morning and 
exercising a little more care with his fire. But human 
nature is much the same all the world over, and the 
underhands see no necessity to study domestic economy, 
or commence their daily duties before it is absolutely 
necessary to do so. If we do away with manual labour, 
a little care and inteUigence must take its place. 

Method of Oil Supply to Kitchen Raitge. 

Fig .10, page 43, is a diagram showing how a kitchen range 
fixed in a basement (which is not at aU an unusual posi- 
tion for a kitchen to be in) is supplied with oil, without 
handling the fluid in tins or buckets. The arrangement 
is a great advantage, as careless servants are apt to spill 
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the oil in filling the feeding reservoirs, and its viscous 
nature makes it unpleasant to remove. 

The diagram is taken from the existing level at the 
Turf Club, Cairo, already described. The oil company 
dehver the oil in a horse-drawn tank, the outlet to which 
is about three feet above the surface of the road. A 
three-inch pipe, with a funnel at one end, is thrust 
through the hole shown in the wall. The oil-cart tap is 
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Arrangement of Tuel Oil Supply. 

Fig. 10. 



turned on, and in two or three minutes at most a ton of 
oil has been run into the storage tank by gravitation. 
This equals about three weeks' supply. 
\ From the storage tank the oil will run by gravitation 
to the feeding reservoir above the kitchen range, the cook 
merely having to turn the oil-tap when the reservoir 
is empty. 

From unloading the oil cart to ' putting the oil on the 
fire ' no manual labour whatever is required compared 
to Tmloading a ton of coal, storing it in the coal-cellar, 
fetching it to the kitchen scuttle, and, finally, shoveUing 
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it on to the fire. In comparing the cost^s of oil and coal 
firing, such economies in labour and time must not be 
overlooked. 

FiRESTG Large Centkal Dowif-DEAirGHT Kitchen 
Raitgb. 

Figs. 11-13, page 45, illustrates the method of apply- 
ing the Scarab oil-burning system to one of the large 
central down-draught kitchen ranges at the Grand Con- 
tinental Hotel, Cairo. 

Fig. 11 shows a section through the kitchen with a 
front elevation of the range. Fig. 12 is the plan looking 
on the top of the range, and Fig.. 13 an end elevation. 

The installation is a large one, comprising in aU some 
twenty-two burners, the majority of which are constantly 
at work. In a large hotel of this description, which is 
capable of providing for eight hundred people, extensive 
firing is required, not only for the kitchen range, but for 
the hot-water system and dust destructors. 

The first range was successfully oil-fired at the end of 
August 1918, and so satisfied were the management that 
they decided to proceed with the complete substitution 
of fuel oil for coal throughout their premises, and there 
has been no instance of failure, to date. 

Owing to the war, motors and air-compressors were 
quite unobtainable, and this hotel, like the Turf Club, 
and hospital, draws its supply at present from the Cairo 
main drainage system. Methods of air supply will be 
fully dealt with later. 

It wiU be observed this type of range stands away from 
any wall, thus providing the maximum area for cooking 
and free access from all directions. It has four furnaces, 
to each of which a Scarab burner h has been appHed. 

The reservoir a for suppljdng the burners 6 with oil 
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is placed on the rack above the range, and a gas ring c 
takes the place of a Primus stove for heating the oil 
when cold. A single pipe d is taken from this reservoir 
to the top of the range, and underneath the plate top 
it branches (e, e^) to right and left, to supply the four 
burners h. By this means the oil is heated on its way to 
the burners, and no obstruction, with the exception of 
the single vertical pipe d, interferes with the cooking 
operations. 

The reservoir a is fed from a distributing tank / placed 
on the roof of the kitchen, which also supplies oil to the 
other ranges. A gas ring g is also provided for warming 
the oil ; but this would only be required in very cold 
weather. This distributing tank is in turn supplied with 
a hand -pump h, which raises the oil from the storage tank 
j placed beneath ground level, outside the buHding. The 
storage tank is suppHed from horse-drawn iron tank carts. 
From this it wiU be seen there is no handling of the oil 
whatever ; and in a large installation of this description 
a small power pump for raising the oil would be a further 
economy. 

Compared to the expense and manual labour involved 
in transporting coal, and keeping a dozen kitchen furnaces 
up to red heat for twelve hours a day, there is none. 

The air-pipes h supplying the burners pass under the 
floor so as to form no obstruction, and run round the 
kitchen wall to the air-receiver. With a supply from 
the city mains, however, no receiver is necessary. 

In this case it was found advisable to bring all the 
existing chimneys into one shaft, as it not only improved 
the draught, but any smoke is carried away far above the 
house-tops. With twenty-two burners firing into a single 
chimney, it is difficult at times to avoid some smoke, as 
if halt a dozen burners are being forced at once, the 
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one that is being fed slightly in excess of its capacity is 
difficult to detect. However, "with some shght furnace 
modifications, there is Httle doubt that kitchen-range 
chimneys can be made as smokeless as power-house 
chimney shafts. 



in 

AIR SUPPLY AND OIL CONSUMPTION 
Firing Small Kitchen Range. 

Figs. 14-16, pages 49-51, show a small, oil-fired Mtchen 
range at the Kasr-el-Eini Hospital, Cairo, in the same 
kitchen as the range already described. It has been in 
daily use since August 1918, and the supply of air is drawn 
from the main drainage system. 

Kg. 14 is a front elevation, showing how an inde- 
pendent air supply may be arranged. 

Fig. 15 is an end view, showing the oil reservoir on a 
bracket attached to the range. 

Fig. 16 is a plan of the installation. 

The storage reservoir a is suppHed with fuel oil by the 
oil company's tank cart. By means of the hand -pump 6 
the oil is deUvered directly into the reservoir c. Before 
passing down the pipe d to the burner e, the oil passes 
the strainer /, which can be shut off for cleaning purposes 
by the valve g. The air-pipe h is taken round the back 
of the range to the air-receiver i, which is filled with air 
from the hand-pump j. From the bottom of the receiver 
i a pipe k is connected to a water-tank I at any height 
above the range, according to the air pressure desired. 

The water-tank Z is of such a capacity that its contents 
wiU fill seven-eighths of the air-receiver. When at rest 
the air-receiver i is fuU of water to within one-eighth of 
its capacity. As the air-pump j is worked, the water in 
the receiver i is forced up the pipe k into the tank I. If 
the burner c is working, the air will be drawn off under a 

18 
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steady pressure as the water in the pipe k will rise and fall 
with each stroke of the air-pump, thus compensating for 
the uneven discharge of the pump, and ensuring a steady 
flow of air to the burners. If pumping is continued when 
the burner is > not working, the air simply passes out 
through the water in the tank. 



Scarab Burn, 




End View. 
Fig. 15. 

An apparatus of this description will easily work a 
single burner, but it must not be supposed pumping can 
cease for any length of time, unless the receiver i is a large 
one. There is a certain amount of storage, as it is obvious 
as soon as pumping stops, when the burner is working, 
the air will continue to flow from the receiver at the same 
pressure, till it has been entirely displaced by the water 
gravitating from the tank I. The merit of this system 
is that, being exceedingly simple, there is nothing to go 
wrong and get out of order. If storage is desired, a re- 
ceiver with a reducing valve should be employed, when 
from a pressure of 30 lbs. square inch or 40 lbs. squareinch 
the burner will work from one to two hours at 5 lbs. the 
square inch. 
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In countries where labour is cheap, and the range is 
wanted for a few hours a day only, hand power will 
be sufficient. As previously described, for hghting-up 
purposes, a Primus stove is placed on the bracket be- 
neath the oil reservoir c till the oil is hot, when kindling 
material is Hghted in the fire-grate . The oil and air valves 
are then opened, and in a few minutes the pulverised oil 
ignites. 

Air Supply. 

From the preceding descriptions of oil firing kitchen 
ranges, it is clear a supply of compressed air is necessary 
for atomising the oil. 

Though the Scarab burner will work well under certain 
conditions, with a pressure as low as 3 lbs. square inch, 
higher pressures are recommended, such as 20 lbs. to 
square inch, or 30 lbs. and 40 lbs. for combustion purposes. 
Hot air is more efficient, but the extra economy due to 
this cause in so small an installation as a kitchen range is 
not at present worth considering. 

Methods of supplying the necessary air will suggest 
themselves to many readers, and it is only proposed to 
deal at length with the cheapest method. The writer 
has conducted experiments with a motor-tyre pump and 
an old inner tube of a motor tyre, and except for the 
labour involved, this method was quite satisfactory ; 
but it can hardly be recommended for a permanent 
installation in daily use. 

For a hand apparatus for a single burner, the method 
described on page 48, and illustrated in Figs. 14-16, will 
probably be found the most satisfactory. 

For hotels and such like establishments, which may 
have in use from two to twenty burners, some form of 
power-motor-compressor is undoubtedly the most eco- 
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nomical, unless a public supply is available. If there is 
no electric current, a petrol or paraflBn motor wiU answer 
the purpose just as weU, and if power units are already 
in existence for other purposes, there may be sufficient 
margin to drive a small compressor, as even half a horse- 
power wiU supply a number of burners. The cost de- 
pends on local conditions, but unless the price of the 
current is very high, from one to two shiUings- a day 
should be sufficient. In any case, the large consumer can 
well be left to look after himself ; but when we come to 
providing compressed air for oil firing for the bulk of the 
rate-payers of a city, there is no doubt it must be cheap, 
rehable, and constant. To supply cheap power it must 
be generated in large quantities, and the greater the 
quantity the cheaper the power. 

To utilise cheap power without expense, it must be 
used direct, and not by the interposition of mechanical 
motion. 

It is true, as stated above, hand power will light a 
burner. Hand power wiU also fight an electric lamp ; 
but it is obvious that this is not in the direction in which to 
look for its greatest development. Precedent has proved 
beyond question that hand power cannot compete with 
the generation of power in bulk in the matter of cost of 
production. 

Now, in many towns and cities, such as Gosport, East- 
bourne, Southampton, Cairo, Port Said, Bombay, Rangoon, 
Karachi, etc., compressed-air instaUations already exist 
for operating the pneumatic ejectors which drain these 
cities ; and though the pressure is low, it is quite suffi- 
cient for combustion purposes in a kitchen range. 

For draining cities in level districts, the compressed-air 
system has no superior. The one and only drawback 
that has made engineers hesitate to recommend it is the 
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outlay on compressing plant and the cost of maintenance. 
But if a compressed-air system is converted into a self- 
supporting scheme in place of a burden on the rate-payers 
by the sale of the air for domestic firing, the last objec- 
tion has disappeared. 

Why should not the means of combustion for preparing 
the daily meal be supplied to city populations with no 
more trouble than water, gas, or electric hght ? 

If it pays a man to light his house from a power station, 
how much more will it pay him to cook his dinner, when 
the power costs but a fraction of that from which he 
derives his Ught ? There was a time when the laying of 
a gas-pipe to the smallest rate-payer in the city for the 
purpose of providing Hght was ridiculed, and it is not so 
long ago that electric light was regarded as a luxury for 
the rich, and an advertisement for up-to-date theatres. 
But the novelty of to-day is the accepted necessity of 
to-morrow ; and this means of illumination is as much a 
part of our daily lives as the electric tram and motor 
bus of every large city. Compressed air is an absurdly 
cheap secondary power when generated in large volumes 
at low pressure. 

The fuel cost of compressing air to 100 lbs. per square 
inch with internal combustion engines is claimed to be 
as low as Ijd. per 1000 cubic feet of free air com- 
pressed. This may be exceptional, but it is obvious that, 
at pressure of 20 lbs. to 30 lbs.. Id. would cover the 
cost. 

However, it is better to base calculations on actual 
records than possible performances, and the figures given 
below are of exceptional interest. 

The Cairo compressed-air system is a large one, com- 
prising four sets of triple expansion steam air-compressing 
engines, and each engine is capable of compressing two 
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million cubic feet of free air per day to a pressure of 22 lbs. 
to the square inch, which gives a working pressure of 
20 lbs. to the square inch in distant localities. For the 
year 1916-1917 the volume of free air compressed was 
573,240,000 cubic feet, at a maximum cost of f E. 6878.976, 
which equals a cost of 3d. per 1000 cubic feet of free air 
compressed. 

The volume of air required for firing a kitchen range 
will vary according to size and the demand made on its 
heating powers ; but from •119 to '600 of a cubic foot of 
free air per miuute, deUvered at 20 lbs. to the square inch, 
should meet all requirements. Taking a mean figure of 
•30 cubic feet per minute, this equals 18 cubic feet per 
hour or 216 cubic feet per 12 hours, or 78,840 cubic feet 
per year. After allowing for all expenses, it is clear a 
rate-payer can be suppHed with air at a few pounds a year. 

At such low pressure, leakage from cast-iron mains 
is not excessive, and, if instances of excessive leakage 
can be quoted, they are due to neglect and reluctance to 
spend money on maintenance ; but if the air can be sold 
and produce a revenue, this objection disappears. Ser- 
vice-pipe connections, hke water and gas, may be of lead, 
which, being jointless, has no leakage, and an air-meter 
or other precaution would be taken to prevent house- 
holders from obtaining more than what they pay for. 

Oil CoNStrMPTiON. 

Experience shows that the domestic range consumes 
from 2 lbs. to 10 lbs. of fuel oil per hour, according to 
the size of the range and the amount of cooking. 

In a small household 4| lbs. per hour would probably 
be sufiicient for seven hours per day. This equals 31 lbs. 
per day, or between five and six tons per year, which 
would equal ten to twelve tons of coal. 
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As to the price, that depends entirely on the country 
in which it is purchased. With oil-fields close at hand, it 
may cost £1 per ton ; in unfavoured locaHties, where 
transport is expensive, £7 or £8 a ton may have to be paid. 

In giving the above quantities of oil, the average 
figure has been given. In large ranges with heavy cook- 
ing, much more will be required ; but if there is not a 
saving of 30 per cent, over coal, weight for weight, there 
is unnecessary wastage. 

It is, of course, possible to inject quantities of oil into 
the furnace with poor results ; on the other hand, with 
care and attention, and a suitable setting, a 60 per cent, 
saving can be attained. However, in cooking, rehability 
comes before all else, and there has been no instance of 
the Scarab burner faihng to cook the dinner as far as the 
writer is aware, though these burners have been respon- 
sible for half a million meals to date (April 1919). 

Though the application of oil fuel to the kitchen range 
is a simple matter, it should be installed by those who are 
familiar with the wbrk, or disappointment and loss may 
result. 



IV 
APPLICATION OF BURNERS TO STEAM BOILERS 

Inefficient Application op Bttrners. 

Much of what has already been written concerning the 
appUcation of Hquid fuel to the kitchen range is also 
apphcable to the large boiler for steam -raising purposes. 

In many ways the problem is greatly simpUfied, largely 
owing to what has already been done in this direction, 
and the information and records which can be referred to 
on the subject. 

In a large furnace the temperature can be maintained 
without difficulty, the draught controlled to a precise 
volume, the action of the burner carefully observed, and 
lastly, but not of least importance, a skilled attendant 
is always at hand to adjust the fuel and remedy any 
slight defects. 

To develop the Scarab burner for large furnaces and 
steam-raising purposes was the natural result of the 
success obtained with the kitchen range, and it was soon 
obvious from experience that those features which made 
the burner efficient were magnified when apphed on a 
large scale. 

Though it is a common thing to depreciate the design 
of hquid-fuel burners as being of little consequence com- 
pared to the setting and arrangement of the furnace, 
there is no doubt some burners are more efficient than 
others, especially as regards reMability and range of 
power. Any crude form of burner can be fixed in the 
furnace of a portable or Lancashire boiler, and steam 
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raised therewith, but whether it is efficient in operation 
or liable to damage the furnace is quite another matter. 

It may deposit carbon, smoke in dense volumes, con- 
sume nearly as much oil as coal, and blow out as soon as 
an attempt is made to turn down the flame. In oil- 
producing countries, waste is only too often regarded with 
indifference, and the cheapest form of burner will have 
preference to a more efficient but expensive article. For 
instance, in a country like Egypt, liquid-fuel burners are 
in great demand for portable boilers which are used for 
driving irrigation pumps for a few months each year. 
The cultivator who requires a burner comes to town. 
He is totally ignorant of efficiencies, and it is useless to 
explain to him that by purchasing a more efficient burner 
he will save so much per year. He simply wants an 
apparatus that will generate steam for a few months, 
and every extra pound spent he considers as so much less 
profit from his crops, therefore in nine cases out of ten he 
selects the cheapest form of burner, no matter how crude 
or inefficient. In aU probabiUty it is indifferently set up, 
with a few loose bricks for the flames to play on. He will 
run his boiler with the furnace door open, and the tubes 
are cooled by the inrush of air, so that carbon often forms, 
owing to low temperature ; and if full power is required 
smoke pours from the chimney. Possibly there is a saving 
of 20 per cent, over coal, but more likely 10 or 15 per cent. 

When hundreds of such plants are in use, the great 
waste will be realised. The difference between burning 
oil under such conditions by native cultivators and an 
up-to-date power station is enormous, and hard to 
beheve till actually experienced. 

With the exception of the Royal Navy, oil firing is not 
often applied for steam-raising purposes in the British 
Isles, but in America, Russia, and the East it has displaced 
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coal in many localities. This is, of course, due to fuel oil 
being sold at such a price that it is the cheaper fuel to 
purchase. 

There are three distinct forms of Uquid-fuel burners in 
use for steam-raising purposes : — 

Types of Bukners. 

1. The pressure -jet system. 

2. The steam-injector system. 

3. The steam or air-spray system. 

1. The pressure-jet system has been placed first, as it 
has reached the most advanced stage of development, 
and is the most suitable for marine purposes. 

2. The steam-injector system is the most widely used 
for stationary boilers and locomotives, and there are 
more varieties of this form of burner than any other. 
Though they may differ greatly in design, their action 
is practically the same. 

3. The spray type of burner is probably the oldest form 
of atomiser, and is still largely used on locomotives, and 
for excessively heavy and viscous oils is to be preferred to 
the other types. It is much simpler in construction, has 
no fine working parts, and, if correctly set, wiU equal, if 
not surpass, the other types in rehabiMty and simplicity 
of operation. 

1. In the pressure-jet system the oil is pre-heated 
before use, to a high temperature, by means of steam 
coils. It is then passed through fine filtering material 
and forced by steam pumps through a minute hole, con- 
trolled by a needle valve, into the furnace. In order 
that it should be diffused in fine spray, a pressure of 
80 lbs. or 100 lbs. the square inch is required. To main- 
tain the pressure dupficate steam pumps are installed, 
and for the best results forced draught, produced by power 
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fans , must be provided . The tendency of all small orifices , 
exposed to high temperature, through which fuel oil is 
passing, is to choke up, either from carbonisation or foreign 
matter. 

As before stated, the highest evaporative efficiency has 
been obtained by this means ; but the system is compli- 
cated and expensive to install, and for locomotive and 
small powers practically never utihsed. 

2. The essentials of the steam-injector burner have 
already been described on page 23. They are unsuitable 
for marine purposes, as from 2 per cent, to 6 per cent, 
of the steam generated is lost in the furnace ; and this 
amount of water cannot be made good at sea. They 
are also hable to choking and carbonisation, and arrange- 
ments for blowing steam through the oil passages are 
usually provided. The systefn is, however, exceedingly 
simple and cheap to install, as the oil flows by gravitation 
to the burner, and the steam jet will induce a fierce 
draught, which is necessary for good combustion. 

3. In the spray type of burner the oil aiid steam are 
entirely separate. The oil flows by gravitation from a 
nozzle, and the steam or compressed air either picks up 
the oil, by issuing from a narrow orifice beneath the oil, 
or impinging on the lip of the oil orifice, as the Uquid 
tends to flow over the edge. 

Conditions foe CoMBtrsTioN. 

Now, whatever type of hquid-fuel burner is used for 
steam-raising purposes in a boiler furnace, the conditions 
we wish to arrive at are the same. That is to say, the 
object is to make the maximum use of the furnace for 
combustion purposes ; to shorten the flame as much as 
possible, and bring about the complete mixture of air and 
pulverised oil at the earliest possible moment. Everyone 
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knows a good stoker keeps his fire well forward ; that is, 
the combustion of the gases given off by the coal should 
not take place right at the back of the furnace, or smoke 
and poor efficiency wiU result. In the same way, only of 
more importance, is it that the products of combustion of 
liquid fuel should not be driven to the back of the furnace. 
What we require in a fluid atomiser burner, before all 
else, is pressure and velocity of the fluid to pulverise the 
oil, and a jet of width, depth, and little length. A burner 
that wiU comply with this condition, whether of the in- 
jector or spray type, will give a better efficiency than one 
that does not. At the same time, the primary air supply 
should be in the form of induced draught, and so arranged 
that it cannot come in contact with the walls of the furnace 
and boiler heating surfaces without being heated by the 
flame. 

Large Buenbb DescribeI). 

Figs. 17-18 show a large Scarab burner for steam- 
raising purposes. Fig. 17 shows a side elevation, and 
Fig. 18 an end view facing the nozzle. 

Briefly, the burner consists of a cast-iron cylindrical 
casing a, on which is cast a flange 6, with two bolt-holes 
c, c^, for holding the burner in place. Through the casing a 
passes the oil-pipe d and the compressed-air or steam pipe 
e, supported by a web not shown, but held in place by the 
set screw/. These pipes terminate in a hp g, and a nozzle 
or weir Ti at one end of the casing a, and in a header j 
common to both pipes at the other. In this header j 
is a regulating valve h for the oil, and a similar valve I 
for the air. The oil enters the header from the upper 
inlet m, passes down the pipe d till it falls from the lip 
g into the nozzle or weir h, and flows over the serrated 
edge n. 
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The compressed air or steam enters the bottom of the 
header at o, and issues from the orifice p beneath the 
serrations n of the weir h, impinging on the under-surface, 
which spreads the jet and carries the oil passing over and 
between the serration n into the furnace. 

With the ignition of the spray a fierce draught is set 
up through the casing a, atomisation is complete, and a 
steady luminous flame of dazzHng brilliance is main- 




En d Vi e w 
Fia. 18. 

tained as long as the flow of oil and steam continue. It 
will be observed the pipe d has a full way, and cannot 
choke, and as the valve k can be completely withdrawn 
when the burner is fixed, a clear view can be obtained 
throughout the length of the pipe. The induced draught 
through the casing a prevents over-heating of the oil- 
pipe orifice and the nozzle, thus preventing carbonisation, 
and the air is mixed with the pulverised oil as it leaves 
the burner nozzle, which shortens the flame, and heats 
the air before bfeing distributed in the furnace. 



64 OIL FIRING FOR KITCHEN RANGES 

Though the principle on which the large burner is 
designed is the same as that adopted for the kitchen 
range, it was found desirable to spht up the stream of 
oil, and ' dish ' the upper surface of the nozzle, so that a 
continuous stream of oil is maintained when it is desired 
to reduce the flame to its smallest dimensions. 

The Scarab burner possesses certain merits that are 
absent in other designs. The oidstanding feature is that it 
will not choke, as all foreign matter is sprayed into the 
furnace with the oil and instantaneously consumed. It 
wiU run week after week, month after month, without 
removal, and can be examined internally when fixed in 
position. The flame — ^that is, the power of the burner — 
can be reduced or expanded over wide limits, so there is 
no necessity to periodically extinguish and rekindle the 
fire, to avoid raising steam too quickly. Though rated 
at 120 H.P., it may be reduced to 20 H.P. or less, and 
raised to 250 H.P. or more. It gives a short, thick, fat 
flame, within a few inches of the nozzle. It wiU bum the 
most viscous quahty of oil as easily as that quaUty which 
comes up to the Admiralty specification. 

It is so designed and applied that the primary air 
supply is induced to impinge on the hottest part of the 
flame, which not only ensures the complete mixture of 
air and fuel at the earliest possible moment, but ensures 
the maximum use being made of the furnace. 

Such burners have been successfully firing boilers 
week after week, month after month, night and day, and 
only extinguished when it is desired to lay the boiler 
off for cleaning. 

In action they are extremely sensitive, but easy to 
manipulate, and the independent regulation of the oil 
and steam with the sight feed is appreciated by the boiler 
attendants. 
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Firing Water-Tube Boilee. 

Figs. 19-22 show a group of four 150 H.P. Bab- 
cock and Wilcox water-tube boilers, to which the Scarab 
induced draught oil-firing system has been apphed. 

Before designing the arrangements for a large instal- 
lation of this description, local conditions must be taken 
into consideration. That is to say, method of transport 
to the power-house, position of oil-storage reservoirs, 
method of raising oil to the feed-heating tank, the most 
suitable position for this tank, and system of distributing 
the oil to the burners. 

This installation is for supplying steam to the air- 
compressors for draining the city of Cairo, and for two 
or three years the boilers were coal-fired before their 
conversion to Mquid fuel. 

The site of the storage reservoir (150 tons capacity) 
having been decided on, the position of the ejector, pipes 
and feed-tank have been arranged with a view to securing 
the maximum efficiency in working and economy in 
construction. 

The essential features and requirements of the installa- 
tion which have been kept in view are : — 

1. A simple and reHable apparatus for raising the 
oil from the storage reservoir to the feed-tank. 

2. Arranging the feed-tank and all pipe work in 
such a way that aU boiler brick-work, flues, econo- 
miser, etc., can be rebuilt without interfering with the 
installation. 

3. The efficient heating of the oil, so that the highest 
temperature is attained as the oil arrives at the boiler 
face. 

4. Utilising whenever possible material on hand or 
what can be obtained locally. 
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It must be borne in mind that, owing to the war, Egypt, 
Mke other countries, was thrown on her own resources, 
and ejectors, stop valves, fittings, etc., had to be designed 
and made locally. Fig. 19 is the front elevation of 
the boilers. Fig. 20 is a section through the ejector 
chamber with a cross -section of the oil reservoir dotted 
in. Fig. 21 is a sectional elevation of boiler-house and 
furnace. Fig. 22 is an elevation of the feed-tank in 
front of the window, facing the four boilers. 

Storage Reseevoies. 

One of the chief items of expense in installing oil fuel 
at a power-station is the storage for the oil. A coal 
bunker costs nothing but the fence or wall, to prevent 
theft, and in most cases the cost of a shelter is dispensed 
with. It is one of the few initial expenses in which coal 
can ckiim the advantage. 

Owing to the searching properties of petroleum, many 
engineers will only sanction sheet-iron reservoirs,. but the 
leakage from a properly constructed masonry reservoir 
is so slight, if any at all can be detected, that there is no 
reason why they should not be built if there is a large 
saving in first cost. It is advisable to have a reservoir 
that will hold not less than a month's supply, and in cases 
where transport is irregular or uncertain, two months' 
supply should be provided. In building a masonry 
reservoir, the site must be carefully selected, and on no 
account should the foundations rest on made-up ground. 
The depth of the excavation will depend on the size of 
the tank and the extent of ground available, but it is 
better to have a large area with little depth, in order that 
the pressure per square inch may be reduced as much as 
possible. If a railway siding is near at hand so much the 
better, and if there is choice of position between the 
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power-house and the siding, the site adjacent to the 
siding should be selected, as the oil will flow by gravi- 
tation from the tank wagons, probably by temporary 
pipes or shoots, whereas permanent arrangement can be 
made for forcing the oil from the reservoir to the supply 
tank in the boiler-house, and a few yards of extra pipe is 
of little consequence. 

Reinforced concrete, with a lining of blue bricks set 
in two-to-one cement mortar, is excellent material for a 
reservoir. This should be rendered with cement of the 
best quality, with the addition of some waterproof mixture 
or a final coating of shellac. The workmanship must be 
of the best, and care taken that the bricks are well bedded 
in the cement and the concrete well rammed in place. 
It is better to divide the tank into several compartments 
by walls, and construct the roof of a series of brick arches, 
a few inches below ground level, which should be well 
rendered with cement mortar before being covered in. 
In finishing the floors a fall should be given to one end, so 
the compartments can be completely drained and cleaned 
out when required, and an outlet provided from each 
chamber at the lowest point. The most convenient form 
of outlet is a cast-iron pipe, with creeping collars buried 
in the foundation concrete and turned up into the tank. 
By this means a perfectly oil-tight joint can be made, and 
any creeping of the oil outside the pipe is prevented. To 
draw off the oil either a steam pump or pneumatic ejector 
is required. This is placed in a chamber adjacent to and 
below the level of the reservoir, as shown in Fig. 20, 
so the oil flows by gravitation into the suction pipe. A 
by-pass should also be provided in the outlet pipe for 
draining off any water that may collect. When the oil 
is of a very heavy viscous nature, steam piping must be 
introduced into the outlet end of the reservoir, or much 
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difficulty will be found in cold weather in making the oil 
flow. When no railway siding is available from which 
tank wagons can be directly run off into the power-house 
reservoir, the oil is often transported in iron drums, 
holding about fifty gallons each. It need scarcely be 
pointed out that the labour involved in handhng and 
employing hundreds of such drums every week, is both 
costly in time and labour. Indeed in cold weather, 
without arrangements for forcing the oil from the drums 
by compressed air, they will take many hours to drain. 
In any case a special platform must be arranged above 
the reservoir on which a number of drums can be placed 
to drain at the same time. Under such conditions the 
' cleanliness ' of oil fuel is conspicuous by its absence, and 
it is fortunate that this system is rarely met with, except 
as a temporary expedient, when for some reason or other 
permanent arrangements are delayed or the demand for 
rail tank wagons has outrun the supply. 

Abeangbment of Oil Supply. 

From the storage reservoir a (Fig. 20) the oil gravitates, 
by means of a cast-iron pipe c, controlled by a stop 
valve, to the fifty-gallon ejector d, located in the chamber 
adjoining the reservoir a. The ejector is filled by gravi- 
tation under atmospheric pressure, and is at such a level 
that the reservoir a can be completely emptied. It is 
of the automatic tjrpe, operated by compressed air at 
22 lbs. square inch ; the ejector having filled and dis- 
charged, the oil passes up the pipe /, past the regulating 
valve g, into the feed-tank h. This tank is supported on 
two cast-iron pillars, and located in such a position that 
there is an equal distribution to the boilers, through 
a minimum length of pipe. The feed-tank h contains 
a steam coil for heating the oil, and a drain pipe i 
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(Eig. 22) carried through the bottom of the tank h, con- 
trolled by a steam trap j for preventing the accumulation 
of water in the steam coil, and a pipe k enables the tank 
A to be drained of oil and the internal fittings examined. 

A float, with guide and pulley attachment (not shown), is 
provided for indicating the quantity of oil the tank con- 
tains, and a distributing plate is fixed beneath the oil inlet 
in order that the cold oil may not plunge to the bottom. 

The steam-pipe a; for heating the oil is taken from the 
reflux valve cover, on the steam main, or other suitable 
point common to all the boilers, and by means of a gland 
and stuffing-box passes through the oil-pipe m to the steam 
coil in the tank h. Immediately below the bend which 
forms the stuffing-box is fixed a strainer n, controlled by a 
stop valve o, and, as the existing boiler stage p is con- 
veniently situated, the straining medium can be replaced 
when the boiler is working. 

As the oil from the feed-tank takes some minutes to 
pass from the tank h to the valve o, it cannot fail to be at 
a high temperature, provided the internal pipe is fuU of 
steam. Below the strainer n the oil -pipe m branches to 
the right and left by means of a tee piece, and flows to 
each of the four Scarab burners marked B. The steam - 
pipe (Fig. 19) is carried in a trench below floor-level, and 
then up to the level of the steam-pipe for heating the oil. 
By this arrangement a single feed-tank and coil is sufficient 
for four or more boilers, the dupMcation of valves and 
pipes is avoided, and any one of the four boilers can be 
started up independently of the others . In a large power- 
station there is always steam in one of the boilers. 

The primary air supply is induced through the burner 
B, and the secondary air supply by the ash-pit regulators 
q, which must be so constructed that they can be accur- 
ately adjusted. The fire-doors are closed and made air- 
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tight, and care must be taken that all the air which enters 
the furnace is ui^der complete control. 

Fuel CoNsmviPTioiir. 

Though reUabiUty is of first importance in an oil-fuel 
burner, economy is none the less necessary, as in burning 
many tons of fuel a day 5 per cent, and 10 per cent, 
saving will amount to a very large figure per year. With 
Hquid fuel it is possible to obtain very high efficiencies 
under trial conditions, but what we want to know are the 
results in daily practice, and to ascertain such results it 
is necessary to draw comparisons. 

For this purpose numerous daily records have to be 
taken, and the tabulated results carefuUy considered. One 
type of burner may permit of better regulation of the oil ' 
and draught, which will give better results, while in 
another type such good results may not be obtained from 
omitting such details. The figures given below are ob- 
tained from comparing the Scarab burner with a type 
largely used in America and by the Egyptian Govern- 
ment, owing to its great merits. Like aU good burners, 
it is of extremely simple construction, and consists of two 
compartments, one above the other. The upper com- 
partment is reserved for the oil and the lower for the 
steam, a pipe for the oil and a pipe for the steam being 
screwed into the upper and under side of the burner 
respectively. The opposite end of the burner terminates 
in two wide horizontal slots. As the oil flows from the 
upper slot, it is turned into spray by the jet of steam 
which issues from the lower slot. 

In all figures given, it must be understood that there 
is no pre-arranged trial, and the dates selected for com- 
parison are those on which the engine ran nearly the same 
number of revolutions. Again, in compressing air for 
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a pneumatic -ejector system, the fluctuations in speed are 
great, and this more than anything else prevents high 
efficiencies. For economical results uniform speed is a 
necessity. Mrst-class steam-engines will run on 10 lbs. 
of steam for 1 H.P. per hour, but the engines in this case 
consumed 21 lbs. of steam approximately per 1 H.P. per 
hour. The two types of burners are distinguished by the 
' Scarab ' and ' Slot.' 

Tables of Compaeison. 

The consumption of fuel oil per indicated horse-power 
per hour of a triple -expansion air-compressing engine, 
supplied by Babcock and Wilcox water- tube boilers, 
fitted with a Scarab burner and a Slot burner, compared 
to coal firing, is now given :^ — 



Date. 


Time. 


I.H.P. 


Fuel. 


Fuel per I.H.P. lbs. 


Burner. 


May 2, 1918 . 
May 7, 1918 . 
April 7, 1919 . 
May 7 and 8, 1918 . 
May 7 and 8, 1919 . 


12 hrs. 
12 hrs. 
12 hrs. 
48 hrs. 
48 hrs. 


135-5 
136-3 
141-0 
140-0 
151-0 


Coal 

Oil 

Oil 

Oil 

Oil 


l-26kilos=2-52 
0-89 kilos= 1-95 
0-76 kilos =1-67 
0-85 kilos =1-87 
0-73 kilo&= 1-60 


Slot 
Scarab 
Slot 
Scarab 



In the above table the greater horse-power is shghtly 
in favour of the Scarab burner, but. the following results 
may be deduced : a saving of 30 per cent, and 40 per 
cent, of oil fuel over coal, and 14 per cent, of the Scarab 
burner over the Slot type. 

The longer the period over which figures are taken, the 
more accurate is the average likely to be, as the conditions 
of running in the twenty-four hours vary greatly. The 
next set of figures is based on the consumption of oil per 
revolution of the engine, with the two different types of 
burners. 
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Total 


Eevo- 






Date. 


Time. 


Engine 
Revolu- 


Oil 

Kilos 


lutions 
per 


per 


Burner. 






tions. 


con- 
sumed. 


Kilos 
of Oil. 


lution. 




April 29, 30, 1919 


2 days 


231,609 


5,484 


42-23 


0-236 


Scarab 


June 17, 18, 1918 


2 days 


232,520 


6,254 


37 17 


0-2g8 


Slot. 


April 21, 22, 1919 


2 days 


224,600 


6,219 


36-11 


Soarab 


June 9, 10, 1918 . 


2 days 


219,820 


6,428 


34-19 


0-292 


Slot 


Jan. 14-16, 1919 . 


3 days 


341,672 


10,890 


31-29 


0-319 


Scarab 


Jan. 11-13, 1919. 


3 days 


320,563 


11,880 


26-91 


0-371 


Slot 


April 29, May 6, 1919 


8 days 


892,074 


22,183 


40-21 


0-248 


Soarab 


May 5-12, 1918 . 


8 days 


880,723 


23,323 


37-76 


0-264 


Slot 



These figures show an average of 10' 7 per cent, in favour 
of the Scarab burner. 

The next table sho-ws the weight of oil burnt by the 
two types of burners to compress 1000 cubic feet of free 



air. 



Date. 


Time. 


Air 
Pres- 
sure. 


Volume of 
Air in cubic 
feet com- 
pressed. 


Total 
Oil in 
Kilos. 


Oil per 
1000 
ft. of 

^air. 

Kilos. 


Burner. 


Jan. 11-13, 1919 . 
Jan. 14-16, 1919 . 
Nov. 24-29, 1918 . 
Feb. 23-28, 1919 . 
April 27, 1919 . 
March 16, 1919 . 


3 days 
3 days 
5 days 
5 days 
12hrs. 
1 hour 


23 lbs. 
23 lbs. 

23 lbs. 

24 lbs. 

23 lbs. 

24 lbs. 


5,693,198 

6,068,094 

13,557,451 

13,593,575 

937,976 

83,560 


11,880 
10,890 
22,288 
20,696 
1,304 
110 


2-07 
1-82 
1-64 
1-52 
1-38 
1-32 


Slot 

Scarab 

Slot 

Scarab 

Soarab 

Soarab 



The regulation of the secondary air supply is of vital 
importance to economy. Correctly adjusted, a consump- 
tion of 0-73 kilos (1-60 lbs.) per I.H.P. per hour was 
easily maintained ; whereas, -with inexperienced hands 
0-89 kilos (1-95 lbs.) are required. 

These figures are given purely for the purpose of 
comparison. With large powers, first-class engines, and 
uniform work, '95 lb. or 1 lb. of oil per I.H.P. is not 
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unusual, and no doubt on pre-arranged trials this can 
be improved on. 

Furnace under Fire. 

On first inspecting a water-tube boiler of the Babcock 
and Wilcox type to which the Scarab burner has been 
appHed, surprise is often expressed. There is no fierce 
hissing of the steam jet, or roar of the air entering the 
furnace. There is Httle indication that the boiler is under 
full steam. 

The secondary air-supply regulator covering the ash- 
pit openings is scarcely open, and to aU appearance the 
furnace is closed, but a fierce draught can be felt with 
the hand passing through the burner casing. On placing 
the eye level with the burner, the process of pulverising 
the oil is plainly visible. A cloud of gold dust with a 
brownish centre, surrounded with a luminous flame of 
dazzling brilhance, appears to burst spontaneously from 
the nozzle of the burner. Through the spy-holes in the 
front of the furnace no tongues of flame can be seen, no 
section of the walls is visible, the entire chamber is 
filled with an opaque mass of fire of intense brightness. 
From the cleaning doors in the side of the boiler brick- 
work a more or less transparent flame, tinged with violet, 
fills the space between the tubes. Combustion is com- 
plete, there is neither smoke nor smell, and the cap of the 
chimney-stack rises into a clear atmosphere, with possibly 
a wisp of smoke from time to time, as some adjustment 
is made to the burner. 

With careful regulation, there is no reason why heavy 
smoke should ever be made. Smoke may be caused by 
insufficient air for combustion purposes, by forcing the 
burner in excess of the capacity of the furnace, by water 
in the oil, and by the temperature being too low. 
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In situations where heating of the storage reservoir 
takes place by steam-pipe, or if moisture can creep into 
an underground reservoir, water is more frequently the 
cause of smoke than is usually supposed. If any quantity 
is injected into the furnace, it will put the fire out, and, 
if this is at all frequent, liable to damage the boiler from 
sudden alteration in temperature. If the burner is set 
correctly there is no fear of damaging the boiler. On 
the contrary, the tubes will outlast a coal-fired boiler. 

Though so easy to apply and simple to operate, it is 
as well to repeat that with unsuitable arrangements it is 
possible to inject tons of oil into a furnace with very 
poor results, and, in some cases, damage the furnace crown 
or tube plates. 

It must not be forgotten that a water-tube boiler under 
oil firing is extremely sensitive, and though manual 
labour is practically abolished, it must be substituted by 
inteUigence and care, if the full benefit of oil firing is to 
be obtained. 

Advantages of Single Bttener. 

Some engineers favour several smaU burners in place of 
a single jet, but a brief experience is enough to show the 
great advantage of a single spray. If smoke issues from 
the chimney or the steam pressure falls, it is difficult for 
the fireman to ascertain which burner is at fault, and he 
will be at a loss to know which to adjust. 

Again, with a number of burners, valves and pipe-work 
are duplicated, joints are multipUed, and the arrange- 
ments for the admission and distribution of air for com- 
bustion are more complicated. A single burner of wide 
range of power is easier to control from every point of 
view, and is capable of giving a higher efficiency in daily 
work with less attention. That is to say, less adjustment 
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is required, there is better control of the temperature, 
efficient combustion is more easily maintained, and the 
steam pressure is less Uable to fluctuation. That the 
pulverisation of the oil is as complete with a well-designed 
large burner, as with a small one, there can be no question, 
and leaves nothing to be desired. If one burner will do 
the work efficiently, it is false economy to employ a larger 
number, both in respect to initial expense and maintenance . 

Solid and Liquid Fuel Burnt Together. 

Though oil is practically never burnt with coal in oil- 
burning countries, the combination has been resorted to 
in England, since many power-users found the quaUty of 
the coal obtainable under war conditions was so poor that 
the required steam pressure could not be maintained — 
that is, the evaporative efficiency of the fuel was too low. 

Though fairly satisfactory results may be obtained by 
injecting a Mmited quantity of Uquid fuel into a coal 
furnace, the conditions do not permit of those high 
efficiencies which are obtainable with oil alone. 

In the coal-fired boiler, the fuel is often too close to the 
boiler tubes or furnace crown to give sufficient area for 
the complete combustion of the liquid fuel, with the result 
that much smoke occurs and unburnt gases escape to 
the chimney. 

The importance of having sufficient area for proper 
combustion caimot be over-estimated, and that is why 
forcing the furnace beyond its capacity so often results 
in dense volumes of smoke being given off. 

Again, the temperatures necessary for the efficient com- 
bustion of coal and oil are not the same, and unless the fire- 
bars are kept very evenly covered, uneven heating of the 
furnace may occur, which is liable to damage the boiler. 

In some designs of boilers it would no doubt be possible 
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to lower the level of the fire-bars, but this would mean 
the expense of new furnace fronts, and as likely as not 
the loss from an unsuitable coal furnace would be greater 
than the gain from a more efficient oil furnace, especially 
so if the boilers are hand-fired, as the cooling of the fur- 
nace each time the fire-doors are opened for stoking 
purposes is a serious matter. If a power-house is com- 
pelled to use both Hquid and soHd fuel, it is far more satis- 
factory to convert half the plant to oil, and reserve the 
other half for coal firing. The condition for the best 
efficiencies are so opposite that they cannot be reconciled 
on the same grate. In cases where industrial works or 
power-stations either possess their own residues from gas 
plants or can easily obtain a limited quantity, but in- 
sufficient to fire a single boiler, it is, of course, better to 
bum such fuel in conjunction with coal than throwing 
it on the scrap-heap. A Hmited quantity can be injected 
above the coal, and extra steam pressure maintained, but 
' efficiency ' from the oil-burning point of view must not 
be too eagerly expected. 

Efeiciencies op Boilbb, and Buenee. 

The efficiency of the numerous designs of coal-fired 
boilers has always been a matter of controversy. Each 
maker claims some particular merit for his own design and 
construction, but when it comes to oU firing, the water-tube 
type with massive brick fire chambers is hard to surpass. 
In comparing the efficiencies of boilers under oil firing 
with various forms of burner, comparisons should only 
be drawn between those of the same type, as it will be 
readily understood that a trial conducted on an inefficient 
boiler wiU not give good results, no matter what the type 
of burner may be. In making claims for the ' efficiency ' 
of one burner compared to another, the precise conditions, 
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such as type of boiler and power developed, must be 
ascertained. The greater the power the more favourable 
it is to a high efficiency. Again, in the evaporation test 
the temperature of the feed water entering the boiler 
must be carefully recorded, as a much larger consumption 
of fuel is required if no economiser is used, and only the 
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warm water from the air-pump overflow is used as the 
boiler feed. 



EiRiNG Lancashieb Boiler. 

Pigs. 23-25 show how the Scarab burner is appUed 
to a Lancashire boiler. 

Kg. 23 is the front elevation. 

Mg. 24 is a sectional elevation. 

Kg. 25 is a plan showing the arrangement for the oil 
supply. 

The installation consists of a donkey-pump a which 
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draws the fuel from a storage reservoir, outside the build- 
ing, and dehvers it into the oil-tank 6, which is placed 
at such a height that the oil will flow by gravitation, 
through the pipe c to the burner d. A steam connection e 
is made to the main stop valve or other suitable point, 
and supplies steam to the donkey-pump a by the pipe /, 
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and to the steam coil in the oil-tank ftjfor heating the oil 
by the pipe g. The pipe h conveys steam to the burner d, 
and the drain i is for clearing the coil of water. 

In this type of boiler there is no brick furnace, and in 
order to increase the length and maintain the high tempera- 
ture necessary for good combustion, when a small power 
is required, the extension piece j is attached to the front 
of the furnace and Uned with fire-brick. A fire bridge k 
is also built up at the far end of the furnace to prevent the 
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escape of unbumt gases, and assist in the process of com- 
plete combustion. The primary air supply passes through 
the burner, and the secondary air supply is under perfect 
control, by means of a regulator, which can be either 
completely closed or entirely removed for hghting-up 
purposes. Fire-bricks prevent the over-heating of the 
furnace front, and an extension piece, designed and 
applied as shown, effectually prevents cold air from 
coming in contact with the walls of the furnace, thereby 
causing unequal expansion of the plates. 

The Scarab burner is attached to the front of the plate 
by two bolts, and the steam connection n (Fig. 25) to 
the oil-pipe c is for the purpose of warming the pipe in 
cold weather if the boiler happens to be in intermittent use. 

Such boilers as shown in this drawing vary greatly 
in size and details of design ; and before installing oil- 
fuel apparatus the average condition under which they 
work should be considered. Though the setting shown is 
suitable for the Scarab burner, it does not follow that it 
will suit all variations ; in fact, there are some types of 
injector burners which require a longer extension piece, 
while there are others that are sometimes placed in the 
existing furnace front. 

Whatever the arrangement may be, the essential 
points which are necessary for good combustion and 
efficiency should always take precedence over the saving 
of a few pounds on the cost of the installation. 

The average cylindrical boiler is no doubt much im- 
proved for oil firing by fixing an extension piece on the 
furnace front. It increases the space for combustion, 
and tends to prevent local over-heating. It must be 
remembered that the centre of the flame is intensely 
hot a few inches from the burner, and the pulverised oil 
should not come in contact with the iron before the initial 
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stages of combustion have taken place. In such boilers 
it is often difficult to maintain the high temperature 
required for good combustion if the boiler is being run at 
only a small percentage of its capacity. There is nothing 
to retain the heat, and if the air supply is not almost 
entirely shut off the furnace rapidly cools. 

ADVAJ!fTAGBS OF BrICK FxJENACB. 

0^ the other hand, with substantial brick chambers, 
which are possible in the water-tube type of boiler, the 
furnace can be ' banked ' almost as effectually, if not 
quite, as with coal, owing to the glowing mass of brick- 
work retaining the heat and keeping up the steam 
pressure. The moment the flame is extinguished, the air 
regulators must be immediately closed, as the cold air 
rushes into the furnace and plays directly on the tubes or 
plates. When this is realised, the importance of having 
doors and regulators as air-tight as it is possible to make 
them wiU be appreciated. 

The average damper is by no means a good fit, and as 
other boilers are invariably connected to the same flue, 
the hot air rapidly escapes. Large boilers of this type 
wUl take forty-eight hours to cool down, and on hghting 
up from cold, it wUl be at least twenty-four hours before 
the whole of the masonry has attained its highest tempera- 
ture and the furnace can be utilised to its fullest capacity. 
Steam can be raised in an hour or less, though it is not 
advisable to do so unless it is an urgent matter, but the • 
maximum cannot be generated. To be more exphcit, 
the boiler can be forced to a much greater extent after 
twenty-four hours' use. With high steam pressure and 
liquid fuel, the power which can be derived from a well- 
designed water-tube boiler rated at 150 H.P. is Uttle short 
of extraordinary. When emergencies arise, and a boiler 
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is required to generate every ounce of steam, regardless 
of the quantity of the fuel burnt, there are no opportunities 
to carry out tests and take readings, and the power de- 
veloped is a matter of conjecture, but a water -tube boiler 
converted from coal to oil wiU increase the rated capacity 
by nearly 50 per cent. 

In some respects it is easier to run a battery of boilers 
than a single unit, as it ensures steadier conditions. The 
steam pressure is not so sensitive, and automatic boiler 
feed valves can be used with success on several boilers at 
once. With a single boiler the regulation of the feed water 
is a matter of delicate adjustment, and it requires both 
skill and intelligence to adjust the oil feed to the furnace 
and the water feed to the boiler, so that the steam pressure 
wiU remain constant. If the demand on the boiler is 
irregular, constant watchfiilness is a necessity to prevent 
the fall of the steam or the blowing o£E of the safety valve, 
However, with a single boiler, the fireman knows the 
exact condition of his burner and furnace, and should be 
able to regulate his draught so that a faint wisp of smoke 
comes from the chimney stack — ^the best indication that 
too much air is not entering the furnace to cool the boiler, 
or too Uttle air for good combustion. With a large number 
of boilers it requires practice to tell which one is at fault. 

Pmrao PoETABLE Locomotive Boilbr. 

Figs. 26-29 show how a portable boiler of the loco- 
motive type is oil-fired with the Scarab burner. 

Fig. 26 is a sectional elevation through the fire-box. 

Fig. 27 is a sectional elevation from the furnace end 
of the boiler, with the front removed, so the brick- 
work can be seen. 

Fig. 28 is an elevation showing the burner fixed in 
the back end of the furnace. 
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Kg. 29 is a plan with a portion of the barrel removed, 
so the burner can be seen. 

The hand-pump a draws the oil from the storage reser- 
voir outside the building, and deMvers by the pipe 6 into 
the feed-tank c. From the tank c the oil flows by gravi- 
tation through the pipe d to the burner e. A steam con- 
nection / is made to the stop valve, or other suitable 
point on the boiler, and conveys steam to the heating coil 
in the tank c by the pipe g. The steam-pipe h, connected 
to the oil-feed pipe d, is for the purpose of warming 
the oU-pipe in cold weather, before the burner has been 
lighted. The burner e is suppHed with steam by the pipe 
i, and the pipe j is for draining the steam coil of water. 

It will be observed the burner is placed below the level 
of the foundation ring. By this means greater use is 
made of the fire-box volume, and it is unnecessary to 
pierce the water space in front of the furnace. The 
travel of the flame is also faciMtated by this arrange- 
ment, and the brick setting simphfied. 

In railway locomotives, hquid-fuel burners are often 
placed in front of the fire-box, as they can, of course, 
be more easily manipulated from such a position ; but 
in portable boilers used for agricultural purposes, such 
as shown in the illustration (Fig. 26, page 86), there 
is no object in going to the extra expense. The boiler 
shown is a large one for this type ; but the great 
majority of such engines range from 10 to 20 H.P., and 
the fire-boxes are very much smaller than the example 
shown ; but this is of no consequence to the efiS.cient 
working of the Scarab burner, as it can- always be ' set 
back ' to get sufficient length of flame, if it is situated 
below the foundation ring. 

There are many ways of setting burners in locomotive 
furnaces, and to get the maximum power from the boiler 
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without smoke, or deposit in the tubes, it is very necessary 
to make full use of the fire-box volume. Space on a loco- 
motive is restricted, and it is not quite such a simple prob- 
lem as those types of boilers having large brick furnaces. 
The Scarab burner is working successfully fixed in 
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the front of two large boUers of the locomotive type, and, 
in cases where the conditions make such a setting desir- 
able, this method can be arranged. 



Pipe Work, Valves, etc. 

In fitting up an oil-fuel installation, particular care must 
be taken if leakage is to be avoided. Heated fuel oil, 
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compressed air, and lastly, but of most importance, 
superheated steam requires first-class material and work- 
manship if their searching quaHties are to be effectually 
checked, and no trace of leakage observable. 
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It is true, with compressed air, at the low pressure it is 
used in oil-burning, ordinary wrought-iron pipe will do, 
if carefully put together, but the stop valves should be of 
the best quahty. 

For superheated steam, however, it is useless to erect 
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anything except steel pipe expanded into ca^t-iron flanges 
and flanged stop valves. Though wrought-iron screw- 
jointed pipe may show no leakage when first put into 
use, sooner or later the steam eats into the joint and 
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destroys the thread owing to the high temperature of 
the steam ; little will be seen issuing from the joint, 
but a white, chalky substance that forms on the metal 
makes the leak easy of detection. 

The searching properties of petroleum are well known, 
and heated fuel oil, even at a few pounds pressure, wiU 
weep from the minutest hole, or average screw joint. All 
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screw joints should be eliminated without exception, 
pipe of the best quality only employed, the angles bent 
with care, and the ends of the pipe carefully expanded 
into cast-iron flanges. If a flange sphts in half during 
the process, so much the better, as it shows the work is 
being well done. To join the flanges, leather soaked in 
hot glue is hard to surpass, but the faces of the flanges 
must be machined and pulled evenly together with bolts 
and nuts. Flanged gate valves should be employed in 
the distribution pipes, as they give a free passage to any 




Plan of Boiler. 
Fig. 29. 

fine substance that may pass the filters. With regard to 
filtering the oil, this depends a great deal on the oil-bum- 
iag system and the class of burner. In the pressure-jet 
system, the filtering medium has to be exceedingly fine, 
and the oil passed through at a high temperature, as the 
small orifice of the burner easily chokes. Such filters 
have to be in dupHcate, as frequent cleaning has to be 
resorted to, which cannot be done unless the medium is 
entirely removed. With the Scarab burner fine filtering 
is completely done away with, and if a filtering medium 
with one-eighth of an inch.mesh is used, there need be no 
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fear of choking, as the smallest burner orifice is one-quarter 
of an inch, and aU foreign matter is injected into the 
furnace and consumed . In the average oil-burning system 
the choMng of filters and burners is one of the chief causes 
of a faUing steam pressure. 

It must not be forgotten that the first indication of a 
stoppage is a faUing steam pressure. The obstruction 
to the passage of the oil may be in the filters, stop valves, 
or burners, and the fireman must be able to easily examine 
these items to see that they are clear. On the other 
hand, the fall in steam pressure may be due to an extra 
demand on his boilers, but the water-gauge should indi- 
cate this cause. Water in the oil may also cause the 
fault, but if this occurs steam can usually be detected in 
the furnace. In gravitation feeds the temperature of 
the oil must also be kept constant, or the flow from the 
oil orifice will vary, and insufficient oil injected into the 
furnace without readjustment of the burner. In the 
pressure-jet burner great care must be taken to maintain 
a high temperature, or the burner may fail entirely. It 
by no means follows that a fireman who is an expert at 
coal firing wiU be equally successful with liquid fuel : one 
requires physical strength, while the other requires 
intelligence, comparatively speaking. 

Firing Vbktical Boiler. 

Pigs. 30-33 show a boiler of the vertical type, and 
the method of firing with the Scarab burner. It is a 
type of boiler much used by contractors, and is shown 
with a portable storage reservoir and feed-tank. 

Fig. 30 is an elevation showing the general arrange- 
ment of the reservoirs and pipe work. 

Fig. 31 is a section through the firing aperture. 

Fig. 32 is a cross section of the furnace facing the burner. 
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Kg. 33 is a plan of the furnace, showing the relative 
position of the oil-feed tank and reservoir. 

From the storage reservoir a, the oil is delivered by 
the hand-pump h into the feed-tank c, from which the oil 
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flows to the burner / by the pipe g. The steam -pipe h, 
with a branch i for heating the coil in the tank c, and a 
by-pass to the oil-pipe g, conveys steam to the burner /. 
The whole installation is of extreme simplicity and inex- 
pensive to erect. 
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The boiler shown is of the usual 16 H.P. type ; but 
with oil firing, the power is increased from 25 per cent, 
to 50 per cent. When these boilers are well lagged, 
they are an efficient type, and large sizes are much 
used in some countries. ^ 

There are, of course, many other designs of steam 
boilers, but the illustrations given are sufficient to show 
how Hquid fuel is appHed for steam -raising purposes. 

Figs. 34-35 show a design of Scarab burner suitable 
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for the small type of boiler just described. Fig. 34 
shows a side elevation, and Fig. 35 the end view. 
With the exception of some modification in the nozzle 
and reduced proportions, it does not differ from the 
burner shown in Fig. 17. 

Scarab System for Mardste Pxtrposbs. 

It must not be thought that because kitchen ranges 
and steam boilers have alone been dealt with in the pre- 
ceding pages, that the Scarab system of oil firing cannot 
be appUed for other purposes. 
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There is practically no form of furnace to which it 
cannot be successfully apphed, provided the essential 
features have been carefully studied beforehand. In the 
same way, there is practically no type or grade of liquid 
fuel that this burner will not burn without any tendency 
to choke. The viscosity of the fuel oil it was designed to 
bum is exceptional. With 23 lbs. to the square inch, at 
a temperature of 40° Fahr., the oil could not be forced 
through a three-inch pipe. 




Plan. 



Fig. 33. 



At the present time the pressure-jet system of burning 
oil is used almost exclusively on board ship, as the steam 
from the oil force pump can be condensed. On the other 
hand, the mechanical apparatus is compMcated, and the 
burners are not free from the choking tendency. The 
Scarab burner is economical in the use of compressed 
air ; trials on a large boildr have given good results, 
and there seems no reason why a rotary compressor on 
board ship should not displace the force pumps with 
advantage. 

Though a shghtly higher efficiency may be attained 
with compressed air, steam, when used in an economical 
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burner, is in some ways to be preferred. To use steam 
for the burner, and yet preserve the main steam supply 
by condensing all the steam used, and not injecting it 
into the furnace, the burner must be supplied from 
another source, which, unlike the main boilers, does not 
require fresh water. 

It is open to conjecture that improvements in oil 
burning for marine purposes lie in this direction, as 




End View. 
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reUability is of first importance, and the reduction of 
working parts should be kept in view. 

With steam tenders, tugboats, dredgers, and all types 
of river craft, steam burners may be applied with advan- 
tage. In such cases there is no room for dupUcate sets 
of filters and pumps, neither is there the same necessity 
for preserving the fresh water intact. The very first 
requirement in such cases is rehability and the necessity 
of a wide range of power. That is to say, it miist be 
possible to turn the flame down to smaU dimensions, and 
be able to open out the burner to full power in a few 
minutes. The merits of a single burner that will range 
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from 20 H.P. to 200 H.P. for such work are obvious. 
For very large steamships, where many thousands of 
horse-power are required, the pressure-jet system no doubt 
has the advantage, but the cheapest residues procurable 
in Eastern ports are hable to give a lot of trouble, and 
owing to the high temperature and high pressure at 
which the oil must be maintained, there is a certain amount 
of risk, and accidents have been recorded of a disastrous 
nature. Oil fuel appHed to subsidiary craft increases the 
power and range of activity, and reduces the time spent 
in bunkering fuel, to say nothing of the enormous reduc- 
tion in the labour bill. 

A greater fuel economy stUl would result from installing- 
heavy oil internal-combustion engines, but it is by no 
means certain that loss of flexibility under way and 
inability to ' force ' the power under special circum- 
stances, such as towing in a stiff gale, or warping 
out heavy ships from crowded docks, would not prove 
too much of a drawback and eventual loss to the 
shipowner. 

In many Eastern ports oil fuel will always be much 
cheaper than coal, and though on tenders and tugboats 
engaged in intermittent work, and constantly starting 
and stopping throughout the day, high efficiencies cannot 
be expected, the saving in expense should be very large 
when coal and oil are about the same price. Neither 
should there be any extra repair bill for the boilers, pro- 
vided the burner has a suitable furnace setting. On the 
contrary, in this respect there should be a saving in up- 
keep with ordinary intelUgence and care. Sohd fuel has 
been of such universal use for so many generations that 
liquid fuel is often looked upon with suspicion. Standard 
boilers and furnaces are not provided with the necessary 
fittings for burning oil, and shipowners in foreign ports 
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hesitate to have the work done locally, or go to the great 
expense of engaging special men in England, and purchas- 
ing valuable plant to fit up small boats abroad, and it is 
a common thing to find such boats burning coal when 
residues can actually be purchased on the spot at a much 
cheaper rate. 

Marine oU-buming plants are a specialty, and those 
firms who supply them provide their own special fittings 
adapted to their own burners, and their system is practi- 
cally without exception expensive to install. 

The usual type of boiler is not the most suitable in 
design for burning oil. It takes too long to convert the 
coal-burning ship to an oil-burning ship in a foreign port, 
and there is a real demand for a boiler that can be easily 
converted, so the ship can leave home ports using coal 
fuel, and substitute Hquid fuel for the coal in Eastern 
waters. To bum liquid fuel with coal in the same 
furnace cannot be described as very satisfactory. Only 
a portion of the economy in labour can be reahsed. The 
highest efficiency of combustion cannot be attained. 
The cleanliness of using oil fuel is lost, together with the 
constant temperature of the furnace from having to open 
the furnace door, as it is practically impossible to find 
room for a mechanical stoker besides a set of oil-fuel 
burners in the furnace front. If the demand for oil- 
burning ships increases to any great extent, no doubt 
a type of boiler and furnace will be evolved that 
can easily be adapted to liquid fuel by spending a 
few hours in port, and so prevent the loss of time 
which at present occurs when a coal-burning ship has 
to be converted. 

Modification in design could also be made with advan- 
tage, and probably the great advantages of the water- 
tube type of boiler would be more realised. 
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Transport. 

One of the great advantages of liquid fuel over coal 
is the economy in transport. 

To convey a liquid in large quantities over long dis- 
tances, power is required, and the more direct the appli- 
cation of that power to the work to be done, the more 
efficiently and cheaply will it be conveyed. 

The most direct method known of applying power to 
convey a hquid is to force the hquid through a pipe by 
means of a working substance actuating a suitable 
mechanical apparatus. In other words, by pumping the 
oil by means of direct-acting pumps. 

For oversea transport and for marine use, the oil is 
simply pumped into the ships' tanks in loading and 
pumped out when unloading. As a steam pump uses only 
a fraction of the power required to drive half a dozen 
steam cranes for hoisting coal from ships' holds, there 
is a great saving in power, besides the saving in labour. 

The handling of coal by mechanical methods has 
been brought to a high state of perfection ; but a large 
proportion of hand labour has still to be utilised, and the 
nature of the material does not permit of that direct 
appHcation of power which is so easily applied when the 
material to be dealt with is a liquid, like fuel or crude oil. 

Without access to verified statistics, it is impossible 
to give figures showing the actual saving in cost of hand- 
ling a thousand tons of coal, compared to a thousand 
tons of oil ; but when it is borne in mind we are able 
to commence the comparison by eUminating from 30 
per cent, to 50 per cent, from the weight of the oil, 
according to the purposes for which it is going to be used, 
it will be understood that in countries such as Italy the 
saving amounts to a very large figure. 
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Secondly, the immense saving in cost of rail transport 
and labour, due to less storage capacity being required, 
and the ease with which it is handled. 

For instance, let us take the case of an average power- 
house, burning 270 tons of coal per month. Every four 
weeks, nine 30-ton wagons of coal will be run into the 
power-house siding. A large gang of men, possibly 
thirty, or more, according to the time available and 
quahty of the labour, will be required to unload these 
trucks and stack the coal in the power-house bunkers, 
from whence it is daUy removed to the boiler-house floors 
for the fireman to feed the furnace. 

If oil fuel is used, only six 30-ton tank wagons are re- 
quired per month to run into the siding. Three or four 
men attach pipes to the oil-tank, and the oil runs by 
gravitation into the power-house reservoir. Either a 
smaU power pump or pneumatic ejector automatically 
deUvers the oil into the boiler-house feed-tank for feeding 
the burners, and the fireman's duties consist of regulating 
a few valves. There are no fires to clean, no ashes to 
remove, and the manual labour of the boiler-house is 
reduced by 90 per cent. In supplying locomotives even 
greater economies could be shown. 

Absence of Dastgee. 

Though it is well known to those who are accustomed 
to bum fuel oil that it is perfectly safe to handle, many 
people are under the impression that there is always a 
certain amount of danger from fire and explosion in 
transporting and using this fuel. But the fact is that 
it is actually safer than coal in some respects, as much 
higher temperature is required for ignition. 

No doubt the idea of 'danger' has arisen from the 
highly inflammable nature of the Ughter products, such 
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as petrol and paraffin, which are Universally used by the 
pubMc, and the greatest care exercised to avoid con- 
flagration. But it is just the very fact of these Hghter 
products being extracted from the crude oil which renders 
the fuel oil or residue safe to handle. Indeed, one of the 
principal difficulties of bringing fuel oil into general use 
has been to devise methods which will produce combustion, 
and, in culinary operations, means for preventing the 
cook from extinguishing the fire by means of excessive 
oil. 
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Batohen range, firing large central 
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Power station, air-compressing, 
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Transport of liquid fuel, 98, 99. 
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